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PREFACE TO THE FOURTH EDITION

Tu1s work has been revised so that it may be used advantageously
with the United States Pharmacopeeia XIII and National Formulary
VIII by students of pharmacy and pharmacists.

It will be noted that several important changes have been made
in the content of the book. Quantitative determinations have
been deleted. A reference is made to or a cursory description is
given of commercial methods of manufacture that are of historical
value only. Industrial processes in current use are described in
more or less detail. The chemical properties and pharmacological
actions of the elements and their compounds have been elaborated
upon. Also, the discussions of the therapeutic value and uses of
the individual compounds and their pharmaceutical preparations
have been extended. Only those official salts of organic acids in
which the inorganic portion of the molecule contributes the thera-
peutic activity have been included for discussion. Ior example:
sodium salicylate has been deleted, whereas mercuric salicylate has
been retained.  To addition, however, there are a number of com-
pounds of an inorganic-organic nature, e. g., organic combinations
with 1, Au, Hg, As, Sh, Bi, ete., whose therapeutic activity depends
upon the inorganic portion of the molecule.  Such combinations
have been effected in order to (1) minimize toxicity and (2) to give
a retarded or delayed action to the inorganic component of the
molecule.  The authors believe that discussions of this type of
compound do not fall within the scope of this text. For informa-
tion about these compounds, reference should be made to standard
textbooks in the organic field. There has also been included a
number of interesting non-official inorganic compounds having some
therapeutic value.  In inorganic pharinaceutical chemistry courses,
it is customary for the instructor to assign a mumber of problems.
Therefore, a table of four place logarithms is appended for the
convenience of the student.

A number of our contemporaries and also chemical and pharma-
ceutical manufacturers have been very helpful by keeping us advised
of new developments in their fields. They have our sincere thanks.
Especially do we want to express our appreciation and thanks to
Dean Emeritus S. C. Lind for bringing the chapter on Radioactivity
and The Radioactive Elements up-to-date.

Cuarres H. RoGers
Tarro O. SOINE
CHARLES O. WILSON

MINNEAPOLIS, MINNESOTA

(5)
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Inorganic Pharmaceutical
Chemistry

CHAPTER 1
OXYGEN AND OZONE
OXYGEN

Oxygen, U. S, P, XIII
Symbol, O, Valence, 2. Atomic Weight, 16; Atomic Number, §

History.— Duckworth’s study of an old work on chemistry by
Klaproth led him to conclude that the Chinese, as early as the
cighth century, recognized the existence of an active element in
the air. They designated 1t as yne and believed it to be a compo-
nent of water.  Its action upon various metals and also its power
to combine with sulfur and carbon were known to them. IFurther-
more, they made the substance by heating saltpeter and certain
minerals, such as native manganese dioxide.

The phenomenon of combustion was studied during the fiftcenth
century by Leonardo da Vinei.  In 1668, Mayow determined the
amount of a particular gas present in the atmosphere, and showed
that it was consumed during oxidation and during the respiration
of animals. He concluded that these processes were analogous. In
1727, Steven Ilales obtained oxygen by strongly heating minium
(Ph;0,), but apparently did not realize that he had obtained a
new element.  In 1774, Bayen obtained the gas from mercuric oxide.
In August of the same vear, J. Priestley published a description of
the properties of a gas which he obtained by heating mercurie oxide.
He called it “dephlogisticated air.” K. W. Scheele, a Swedish
apothecary, working independently during the years 1771 to 1773,
also announced in 1777 the discovery of this element which he
called “ empyreal air.”” He prepared the gas from nitrates, observed
many of its properties and contributed much to the knowledge of
this element. A. I.. Lavoisier, a French chemist of great renown,
repeated Priestley’s experiments and correctly interpreted the part
plaved by oxvgen in combustion, respiration, ete. Because of the
acidic nature of many of the compounds formed by the combustion
of substances in this gas, he named the element “oxygen,” from
the Greck: étis, sour; yevvéw, I produce.

(19)
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Occurrence.—Oxygen in the free state constitutes 20.9 per cent
by volume (nearly 23.1 per cent by weight) of the atmosphere. In
combination with other elements it is found in very large quantities.
About 88.81 per cent by weight of water is oxygen and nearly
50 per cent by weight of terrestrial matter is composed of it. Grow-
ing plants possess the power of absorbing carbon dioxide from the
air, assimilating the carbon and liberating the oxygen. Oxygen is
necessary to animal life in every form.

Physical Properties.—Oxygen is a colorless, tasteless and odorless
gas. It is slightly heavier than air, its density being 1.10532
(air = 1). One liter of oxygen weighs 1.429 Gm. at 0° C. and
760 mm. pressure. Oxygen can be liquefied when cooled below
—118.82° C., which is its critical temperature. The critical tem-
perature of a gas is that temperature at or below which it can be
liquefied by pressure, but above which it cannot be liquefied regard-
less of the pressure applied. The critical pressure of a gas is that
pressure which will just liquefy a gas at its critical temperature.
Liquid oxygen has a density of 1.13, boils at —182.96° C., and
may be frozen to a light blue solid which melts at —218.4° C.
One volume of oxygen dissolves in approximately 32 volumes of
water and in about 7 volumes of alcohol, at 20° C. and at 760 mm.
pressure. It quite readily dissolves also in some molten metals,
especially silver. :

Chemical Properties.— Oxygen is one of the most active elements.
It unites directly with most metals and non-metals, the rapidity
of the reactions depending upon the purity and temperature of the
gas. 'The presence of a catalyst! greatly stimulates the combina-
tion. Non-metals, e. g., sulfur, phosphorus, and carbon, combine
with oxygen to form oxides (1, 2 and 3).

1) S + 0, — SO,
(2) 4P + 502 i 21)205

At high temperatures, oxygen unites with several other non-
metals (silicon, boron and arsenic). Union between oxygen and
nitrogen takes place only at exceedingly high temperatures
(1900° C.) and then only to a limited degree (1 per cent or less).
Oxygen does not combine directly with the halogens or the inert
gases (He, Ne, A, Kr, Xe, Rn), although the oxides of chlorine
and iodine can be prepared by other chemical methods. All of
the common metals, excepting gold, silver, and platinuimn, when
heated, combine with oxygen with varying degrees of avidity.

Official Tests for Identity.—1. A glowing splinter of wood bursts
into flame when it is introduced into oxygen.

! A catalytic agent is ‘‘a substance which accelerates whether positively or nega-
tively, the speed of a chemical reaction by contact or by entering into the reaction,
the agent having the same chemical composition at the end of the change as at the
beginning.” (General Inorganic Chemistry, by Sneed and Maynard, p. 75.)
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o2 If a small coil of iron picture wire is heated to redness and then
inserted into a vessel containing oxygen, it will burn with great
brilliance.

Tests for Purity.- The U, S. Pharmacopeeia X111 recognizes oxy-
gen under the title Oxygen (Oxygenium), requires that it contain
Q‘) per cent by volume of O, and limits the presence of carbon
dioxide, halogens, acids or alkalies, and oxidizing substances.
Nore.— Cylinders containing oxygen must be kept at a temperature
of 25° C. =2° for at least six hours hefore the Oxygen is withdrawn
for the following determinations. Gas volumes for the following
tests and assays are to be corrected to a pressure of 760 mm. and
a temperature of 25° C.

Acids or Alkalies.—-Dilute 0.3 cc. of methyl red T.S. with 400 cc.
of boiling water, and boil the solution for five minutes. Pour
100 cc. of the boiling solution into each of three color-comparator
tubes of clear glass, of approximately the same size and marked
YA “B,) and “C,7 respectively.  Add 0.2 cc. of 0.01 N hydro-
chloric acid to tube “B,” and 0.4 cc. of 0.01 N hydrochloric acid
to tube “C.” Stopper each of the tubes, and cool them to room
temperature. Pass 2000 ce. of Oxygen through the solution in
tube “B” at a rate requiring about thirty minutes for the passage
of the gas. The color of the solution in tube “B’ is no deeper
red than that of the solution in tube “C" and no decper yellow
than that of the solution in tube “A”. Comparisons are best
made using a colorimeter. Tube “B” contains 0.0000729 Gm. of
hydrogen chloride, if the alkali impurity were ammonia gas the
maximum allowable would be 0.000034 Gm. of ammonia in the
2000 ce. of Oxygen sample. In the same way the gaseous acid
component could not be more than 0.0000729 Gm. of gaseous
hydrogen chloride or 0.000128 Gm. of gaseous sulfur dioxide.

Carbon  Dioxide.—Pass 1000 cc. of Oxygen through 50 cc. of
barium hydroxide T.S. The test solution must be devoid of turbid-
ity prior to the test. If carbon dioxide is present a white pre-
cipitate forms (4).

(4) €O + Ba(Oll), — BaCO;| + 1.0

Regulate the flow so as to require fifteen minutes for the delivery
of 1000 cc. of gas. The delivery tube must have an orifice approxi-
mately 1 mm. in diameter and must extend to within 2 mm. of
the bottom of the vessel containing the barium hydroxide solution.
The vessel employed must give a hydrostatic column of from 12
to 14 cm. with the 50 cc. of the solution. The turbidity produced,
if any, does not exceed that produced when 1 cc. offa solutig

prepared by dissolving 0.1 Gm. of sodium rbonatddn 1004/C.
of freshly boiled and cooled distilled wat® is a ‘ er
50 cc. portion of barium hydroxide T.S. under) prescribed

conditions (5). /

(5) NayCO, + Ba(OI), — BaCO,] + 2NaOH |
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For a more precise control use the turbidimetric technique,
U1, S. P. XIII, page 709. N

Oxidizing Substances. -Pass 2000 ce. of Oxygen, under conditions
comparable to those in the test for carbon dioxide, through 15 ce.
of freshly prepared starch-potassium iodide T.S. to which has been
added 1 drop of glacial acetic acid.  The color of the test solution
is not altered by the passage of the Oxygen, as shown by comparing
it with another portion of the acidified starch-potassium iodide
T.S. through which the gas has not been passed. Oxidizing sub-
stances present as impurities may be detected by the blue color
which they produce in an acidified starch-iodide TS, The possible
reaction may he represented as follows:

KI + 11,0 — KOIT 4 I
211 4 (0) — I, + 1LO
Starch + I, — Starch-iodide  (Blue)

Halogens.- Pass 2000 ce. of Oxygen under conditions comparable
to those in the test for carbon dioride, through a mixture of 100 ce.
of distilled water and 1 cc. of silver nitrate .S, "The liquid shows
no greater degree of opalescence than does a mixture of 100 ce.
of distilled water and 1 cc. of silver nitrate T'.S., prepared at the
same time as that through which the gas passes, the observation
being made in 100 cc., low-form Nessler tubes, which are closely
similar in all respects. A positive test using chlorine as the halo-
gen is (6).

(6) Cl, 4 21L0 = TLO* + Cl- + 1110
HO* + Cl- — ILO + 1IC]
AgNO, + HCT— AgCl] + 1INO, (W hite)

Carbon Monoxide.— Oxygen meets the requirements of the test
for Carbon Monoxide in Oxygen, page 626 of U. S. P. XIII. Nitro-
gen which is negative to the test for Carbon Monoxide under Ethylene,
page 213 of U. S. P. XIII, shall be considered as carbon monoxide-
free for the purpose of this test. The test depends upon the reac-
tion between sodium hydrosulfite and oxygen in a closed system (7)

(7) Na.S:04 + 2(0) + H,0 — NalISO; + NalSO,

which results in leaving any carbon monoxide present mixed with
nitrogen which is introduced during the assay. Upon the addition
of diluted blood to the mixture of gases, a pink or bright red color
develops if carbon monoxide is present.

Pyrogallic acid-tannic acid mixture causes a dirty olive-green
precipitate with the oxyhemoglobin when carbon monoxide hemo-
globin is absent.

Commercial Manufacture.—Oxygen is now or has been manufac-
tured on a large scale for commercial purposes by the following
processes: (1) By the fractionation of liquid air; (2) the electrolysis
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5)f water; (3) the Boussingault-Brin Brothers’ process; (4) the
Ihessie du Motay-Marechal process.

1. The Fractionation of Liquid Air-~Linde Process.—This process
is based upon the fractional distillation of liquefied air and has
superseded all other processes for the commercial production of
oxygen.  When air is liquefied in a suitable apparatus, it boils at
a temperature of about —191° . The boiling-point of liquid air
(=191° C.) is higher than the boiling-point of liquid nitrogen
(—195.8° C.) and lower than the boiling-point of liquid oxygen
(—182.96° C.), hence the nitrogen evaporates from liquid air much
more rapidly than does the oxygen. The “boiling oft” of the nitro-
gen from liquid air may be so thoroughly accomplished that a liquid
oxygen of better than 96 per cent purity may be obtained.

The commereial production of oxygen from air involves two
general procedures, viz.:  (a) The purification and compression of
aer, and (b) the liquefaction and fractionation of the product.

(a) Before going to the compressors, all dust and carbon dioxide
must be removed from the air.  Atmospheric moisture is removed
at some several stages during the compression. The dust and
carbon dioxide are taken out by passing the air upward through
two towers working in series.  These towers are packed with coke
over which trickles a solution of caustic soda or potash. After its
downward passage over the coke, the caustic liquor is returned to
the top of the towers and used over again.  Over 99 per cent of
the moisture in the air is removed by liquefaction as the air is
cooled in its passage from one compression cylinder to another.
The small amount of water still remaining in the so-called “fourth-
stage air’’ is removed in a cylindrical vessel, using the counter-flow
principle, with fused calcium chloride or caustic potash. The
compressing of the purified air is accomplished in either four- or
five-stage compressors (depending on the output of the plant). In
its passage from one cylinder to the next in the compressor, the
air passes through a set of coils immersed in running cold water so
that it enters the next cylinder at practically room temperature.
In the compressor the air is reduced to about 2 per cent of its vol-
ume and is under a pressure of about 2900 pounds per square inch
(about 200 atmospheres).

(b) The clean, dry carbon dioxide-free, high-pressure air is now
ready to be liquefied and fractionated. These operations are
usually effected in a combination liquefier and fractionator. Due
to the consumption of heat necessary to overcome molecular cohe-
sion, all gases upon expansion become somewhat cooled. The
lower the temperature of a gas, the greater is the attraction between
the molecules. Because more heat is required to overcome this
increased cohesion, the cooling effect upon expansion is greater.
The various processes for the liquefaction of air are based upon
this principle. Referring to Figure 1, the high-pressure air enters
the Linde system double column liquefier and separator at 1, and
passes through the exchanger through coil 2. In the exchanger
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the incoming air loses heat to the outgoing oxygen and nitrogen
contained in their respective tubes, so that when it reaches the ex-
pansion valve at 3, it liquefies and flows down over the plates in
the lower column. A liquid rich in oxygen collects at 4 and a
liquid high in nitrogen
reaches the top of the
lower column, is cooled,
and collects at 7; from
where it passes through
the valve 8 and to the top
of the upper column. The
liquid rich in oxygen, on

the other hand, passes

through the valve and tube

10 to the middle of the up-
per fractionating column.
As this liquid passes down
through the upper column

it loses its nitrogen and
collects at 5. "T'he nitrogen
being the more volatile of
the two liquids leaves at
the top of the upper col-
umn. Both of the gases
leave the system through
the exchanger via their re-

7 spective conduits, 6 and 9.
The oxygen is delivered
either to a large tank or
directly to a three-stage
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the gases depending upon the construction of the cell. Water only
must be added to the cell during the electrolysis. The efficiency
of this type of cell (said to yield an average of about 7.5 cubic feet
of hydrogen and 3.8 cubic feet of oxygen per kilowatt hour) is
increased by carrying out the eleetrolysis under pressure.

3. The Boussingault-Brin Brothers' Process.— Although practi-
cally obsolete, the Boussingault process, as modified by the Brin
brothers, is of historical interest. It was carried out by heating
barium oxide to dull redness in retorts into which clean dry air, free
from carbon dioxide, was forced under a pressure of about 15 pounds
to the square inch. Under these conditions, 1 molecule of barium
oxide combined with 1 atom of oxygen to form barium peroxide (8).
When the reaction was complete, the pressure was released and
most of the uncombined nitrogen escaped. While the temperature
of the barium peroxide was still very high, a vacuum of about
27 inches was produced in the retort by a suitable pump. Under
these conditions, 2 molecules of the peroxide yielded 1 molecule
of oxygen and were reconverted to the oxide (9). The process was
a continuous one, the barium oxide being changed about once every
6 months.

(8) 2Ba0 + 0. — 2Ba0.
(9) 2Ba0, — 2Ba0 + O.]

4. The Thessie du Motay-Marechal Process.- -'This process is also
of historical interest rather than of industrial importance.

It consisted of making sodium manganate by passing dry air over
a heated mixture of manganese dioxide and sodium hydroxide (10).
When the mass was mixed with a little cuprous oxide to insure
regularity in the reaction and heated to 450° C. in a current of
steam, manganese dioxide and sodium hydroxide were regenerated
and oxygen was liberated.

(10) 2MnO, + 4NaOH + O:  2Na,MnO, 4 2H,0

The oxygen was washed with a cold alkaline solution and collected
in gasometers, from which it was subsequently compressed in steel
cylinders at about 1800 pounds pressure.

Physiological Properties and Medicinal Uses.—Oxygen is essential
to all animal life. During respiration it combines with the hemo-
globin of the blood to form oxyhemoglobin, in which form it is
distributed to the tissues of the body, where compounds containing
carbon and hydrogen are slowly oxidized to carbon dioxide and
water, and heat (energy) is developed. Oxygen is widely used in
medical practice as well as in surgery. All pathological conditions,
e. g., pneumonia, angina, asthma, bronchitis, etc., that are accom-
panied by cyanosis and dyspnea (difficulty in breathing) are relieved
by inhalations of the gas, using the “oxygen tent” or other suitable
devices. It is administered in chloroform poisoning and in threat-
ened death from inhalations of coal gas or nitrous oxide (g. v.).
Oxygen is used in the resuscitation of individuals apparently
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drowned. Under conditions in which there is a scar(:it.\' of oxygen,
e. 9., in airplanes at high altitudes, in diving bells and in submarines,
this essential gas is supplied from tanks. - .

Oxyvgen is of great importance in industry because })t its use in
oxva("et.\'k'no torches for steel welding and steel cutting.  Liquid
ux:vgen mixed with powdered charcoal has to some extent heen
used as an explosive but as such has not been very ‘wldcl,\" usefl.
Recently liquid oxygen has been most useful as an ingredient in
the fuel of rockets.

OZONE

Formula, Q5. Molecular Weight, IS

History.- In 1785, Van Marum, a Dutch chemist, called attention
to the fact that oxygen or air, through which electric sparks had
been passed, possessed a peeuliar, irritating odor and also ?ho
property of tarnishing mercury. In 1840, the German chemist,
Schénbein, demonstrated that these phenomena were caused by a
new gaseous substance formed from oxygen during the electrical
discharge, and he named it ozone from the Greek, to smell. 1le
prepared fairly high concentrations of the gas in oxygen by the
clectrolysis of water and also by the slow combustion of phosphorus.
In 1856, Andrews established the constitution of ozone.

Occurrence. - Ozone is found in very small quantities in the
atmosphere.  Electrical discharges through the air (lightning) pro-
duce ozone. The characteristic odor of the gas is usually very
pronounced around electrical generating machines in operation.

Physical Properties.—Ozone is a bluish gas having a peculiar, irri-
tating odor (suggesting sulfur dioxide). One liter of ozone weighs
2.144 Gm. at 0° C. and 760 mm., and is, therefore, one and a half
times heavier than oxygen (1.429 Gm. to the liter). When a mix-
ture of ozone and oxygen is cooled with liquid oxygen, the ozone
condenses to a blue liquid, which boils at —112° C. and freezes at
—251° €. Both liquid ozone and liquid oxygen are strongly mag-
netic. Ozone dissolves in and unites with oil of turpentine, oil of
cinnamon and olive oil to form ozonides, some of which possess anti-
septic propertics.!

Chemical Properties.—The transformation of oxvgen into ozone
involves the changing of electrical energy into chemical energy.
The energy, expressed as heat units, required to change 3 molecules
(96) of oxygen into 2 molecules (96) of ozone is 68,820 calories (1).

(1) 30, + 68,820 calories = 20,

Oxygen Ozone
(96) (96)
(3 volumes) (2 volumes)

From this thermo-chemical equation it is evident that a definite
weight of ozone contains more internal energy than does an equal

1J. A. Ph. A, Sci. Ed., 36, 278 (1947).
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weight of oxvgen, and it may be correctly concluded that ozone is
a morce active chemical agent than is oxygen. Unlike oxygen, ozone
at ordinary temperatures oxidizes certain metals, e. g., mercury (2)
and silver (3). ' '

2) Hg + O, - g + O,
(3) 2Ag + 204 — Ag, Oy (silver peroxide) + 20,

From equations (2) and (3) it may appear that one-third of the
“oxygen” of ozone is more active than the remaining two-thirds.
However, the fact that 1 molecule of ozone completely oxidizes
3 molecules of sulfur dioxide to sulfur trioxide (4) indicates that
all of the “oxygen™ of ozone is chemically active and not merely
one-third, as might be concluded from the above equations. .

(‘4) :;S()J —f‘ ();; —> :;S();

Ozone is fairly stable at very low temperatures. At ordinary
temperatures it slowly decomposes into oxygen. The velocity of
this chemical change increases as the temperature increases until,
at about 250° (') the decomposition is complete. Van't IToff’s law
of mobile equilibrium states that when the temperature of a system
in cquilibrium is raised, the equilibrium is displaced in the direc-
tion that absorbs heat.  Irom this law it follows according to the
thermo-chemical equation (1) that more ozone is formed the higher
oxvgen is heated. The presence of a catalyst causes ozone to
decompose violently.

Tests for Identity.- 1. Ozone in the atmosphere may be identified
by its characteristic odor.

2. When a picce of absorbent paper that has been moistened
with starch test solution containing a little sodium or potassium
iodide is mtroduced into an atmosphere containing ozone, the starch
is colored blue due to liberated iodine (5).

Oxides of nitrogen, the halogens, and particularly acidulated
hydrogen peroxide liberate iodine from iodides and are, therefore.
interfering substances.

3. A piece of red litmus paper, one-half of which has been dipped
into a solution of potassium iodide, will turn blue when held in an
atmosphere containing ozone. This is caused by the hydroxide
formed by the action of ozone upon potassium iodide (5).

4. Slightly heated silver is tarnished by ozone.

Preparation of Ozone.--1. Ozone is prepared by subjecting cold,
dry oxygen or air to an electric discharge. The apparatus used for
this purpose is called an ozonizer, and consists of 2 glass tubes, one
within the other.! The outside of the outer tube is covered with
tin-foil and the inner tube is lined with the same material. The

1 See Tindal Ozonizer in Thompson's Theoretical and Applied Electrochemistry,

p. 515.
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electrical discharge is produced through the space be.tween‘the tubes
by connecting the foils with the poles of an induction coil. Cold,
dry, carbon dioxide-free oxygen or air is slowly passed between the
tubes where, under ordinary conditions, from 5 to 6 per cent of the
oxygen is converted into ozone. Under the most favorable condi-
tions, ¢. g., using a silent discharge, low temperature and very pure,
dry oxygen, the yield of ozone can be increased to better than
18 per cent.

2. Ozone is formed in small quantities by: (a) Slow oxidation
(especially of phosphorus and zinc); (b) by the electrolysis of dilute
sulfuric acid; (¢) by the action of an active acid, e. g., sulfuric acid
upon a highly oxidized compound, e. g., barium peroxide (6); (d)
by burning hydrogen in oxygen; (¢) by plunging a heated platinum
coil into liquid oxygen; and (f) by the decomposition of potassium
chlorate.

(6) 2IL,SOs + 2Ba0, — 2BaSO, + 2I1,0 + O, (with high per
cent of ozone)

Uses.—The more improved industrial methods for preparing this
active oxidizing agent have made possible its utilization in the
arts and industries. Ozone per se is rarely used, but air or oxygen
containing it is employed as a bleaching agent for oils, waxes,
delicate silk or wool fabrics, flour, starch, ivory, etc.; as a disinfec-
tant for drinking water; and as a deodorant of foul animal matter,
especially in ventilating large public halls and food warehouses. It
is also used in the manufacture of synthetic camphor and many
other organic compounds. It is said that 13 parts of ozone per
1,000,000 is necessary for an antiseptic action.! One part of ozone
per 1,000,000 is tolerated by man. Ten parts per 1,000,000 when
inhaled for fifteen minutes produces headache and sore throat, and
exposure to this concentration for several hours is dangerous to life.
Unlike carbon monoxide, ample warning is given by headache,
cough and general pulmonary irritation.

! Proc. Roy. Soc., 84, 404, 573 (1911).



CHAPTER 11
HYDROGEN
Symbol, 1. Valence, 1. Atomic Weight, 1.008; Atomic Number, 1

History.- There is evidence that hydrogen was recognized by
Paracelsus in the sixteenth century. During the seventeenth
century, Turquet de Mayenne called attention to its combustible
nature, and in 1700 N. Lemery showed that upon ignition a mixture
of hydrogen and air detonated. The first experiments to determine
the nature of hydrogen were made by Cavendish in 1766. He
produced it by the action of dilute hydrochloric or sulfuric acids
upon certain metals, and called the gas “inflammable air,” which
name conformed to the generally accepted “phlogiston” theory of
the day. (See p. 83.) Later (1781), Cavendish and Watt showed
that water was the only substance produced when hydrogen was
burned in air or oxygen and, as oxygen was then known to be the
substance with which combustibles united, they correctly concluded
that water was a compound of hydrogen and oxygen. In 1783,
Lavoisier named the gas hydrogen, from the Greek, téwp, water,
and yevvaew, to produce.

Occurrence.— Very small quantities of hydrogen are found in the
free state in some voleanic gases, in fumaroles and in pockets in
carnallite and rock salt deposits. It also occurs in very small
quantities in the air, in some meteorites, in the stars and nebulz
and in the envelopes of the sun. Hydrogen is sometimes a product
of the decomposition of organic matter. It is produced also by
anaérobic fermentation. Hydrogen is an integral part of many
compounds, minerals, and most animal and vegetable tissues. It
is an essential constituent of all acids.

Physical Properties.—Pure hydrogen is a colorless, tasteless and
odorless gas. It has a specific gravity of 0.06947 (air = 1) and is,
therefore, about fourteen and a half times lighter than air. One
liter of hydrogen weighs 0.08987 Gm., whereas the same volume of
air weighs 1.293 Gm. At its critical temperature of —239.9° C.
hydrogen may be liquefied by a pressure of 12.8 atmospheores.
Liquid hydrogen is colorless and has a boiling-point of —252.7 CC;
Hydrogen has been solidified to a colorless solid melting at —259.14
C. The specific heat of hydrogen gas is 3.4041 (water = 1). Hydro-
gen is only sparingly soluble in water (1.8 cc. dissolves in 100 cc.
of water at 15° C.). It diffuses very rapidly through porous mem-
branes and through some metals at red heat. Hydrogen is absorbed
or “occluded” by many metals. The quantity of gas “taken up”
depends upon the metal, its physical condition, and upon the
temperature and pressure during the operation. At ordlr(lar))r tem-

29
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peratures and pressures, 1 volume of palladium black absorbs 873
volumes of hydrogen, whereas finely divided iron, gold, and plati-
num occlude 19.2, 46.3 and 49.3 volumes of the gas, respectively.

Chemical Properties.— At ordinary temperatures hydrogen 1is
chemically inactive. Its activity may be greatly increased by
passing it through an ozonizer (¢. ».), by subjecting it to high poten-
tial electrical discharges in vacuum, or by exposing it to the action
of alpha-rays from radium emanations. At high temperatures or
in one of its activated forms hydrogen is a powerful reducing agent.
When molecular hydrogen (I11,) is passed through an eclectric arc it
forms atomic hydrogen (1) which again recombines to form mo-
lecular hydrogen (Il,), liberating much heat. This knowledge is
made use of in atomic hydrogen welding torches which develop
temperatures of 4000° to 5000° C.

Hydrogen burns in air with a pale blue, non-luminous flame.
When mixed with oxygen in a suitable burner (oxyhydrogen torch)
and ignited, it burns with a flame giving very little light but a
temperature of over 2500° (. The oxyhydrogen flame will melt
all metals, even platinum. When this flame is directed upon a
piece of quicklime (('a0Q), the latter becomes white-hot at the point
of contact. The emitted light is called a “calcium™ or “lime light.”

Hydrogen and oxygen unite very slowly at ordinary temperatures.
However, if finely divided platinum is held in the mixture, the union
is hastened and the heat of the reaction is sufficient to make the
platinum glow, thereby causing the explosion of the mass.  Auto-
matic lighters for illuminating gas operate on this principle.

Occluded hydrogen or hydrogen in its activated state is a vigorous
reducing agent.  The gas occluded by palladium (1 volume of
palladium absorbs up to 873 volumes of hydrogen) is especially
active in this respect and readily reduces ferric salts to ferrous
salts, chlorates to chlorides, nitrates to nitrites and ammonia, ete.
One of the most important uses of hydrogen with palladium (nickel,
or platinum) is for the reduction of organic compounds. Iydrogen
unites with many metals and non-metals to form innumerable com-
pounds, e. g., ILS, NH;, PH,, CH,, HCI, Call,, Nall, ete.

Commercial Manufacture.!--Ilydrogen has become of increasing
industrial and military value, and its manufacture has likewise
assumed importance. Because it is not economical to ship unlique-
fied gases for long distances, the manufacture of hydrogen (a diffi-
cultly compressible gas) is, of necessity, a more or less local under-
taking. Thus, the method of manufacture depends on the required
purity, raw materials, power supply, etc., of the area being supplied
by the hydrogen plant.

Hydrogen may be obtained by (1) the fractionation of water gas
or coke oven gas; (2) catalytically oxidizing CO of water gas with
steam; (3) passing steam over incandescent iron; (4) the “Silicol”
process from ferrosilicon and caustic soda; (5) electrolysis of water

1 Bulk Production of Hydrogen, Ind. and Eng. Chem., 30, 1139 (193%).
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containing caustic soda; (6) pyrolysis or breaking down of hydro-
carbons at relatively high temperatures; (7) fermentation of corn
mash in the production of acetone and butanol; (8) the reaction of
‘ater on some metals; (9) the action of caustic on some metals;
(10) the decomposition of some metallic hydrides with water; and
(11) catalytically breaking down ammonia. (12) It is also a by-
product of the electrolytic caustic cell. )

1. Water gas (a mixture of approximately equal parts of CO
and IL) is cooled and compressed by the Linde method to the
point where the €O liquefies and can be removed as a liquid. The
same is true of coke oven gas which is a mixture composed largely
of hydrogen together with other gases (mainly CH,, N,, CO, C,IH,,
and CQ.).

2. The carbon monoxide in water gas is removed by catalytically
oxidizing it with steam to carbon dioxide, which is then dissolved
out completely under pressure in cold water followed by a serubbing
with caustic soda.  During the oxidation additional hydrogen is
produced (1). '

1) CO + 1LO — CO, + 11,

3. It is claimed that by the Messerschmidt process hydrogen of
hetter than 99 per cent purity may be obtained.  "The process is of
particular importance i the preparation of hydrogen for the
hydrogenation of oils, where it is said that as little as 0.25 per cent
CO in the hydrogen retards the hydrogenation.  The process is
based upon the decomposition of superheated steam by metallie
iron with the subsequent reduction of the iron oxides so formed by
a mixture of carbon monoxide and hydrogen (blue water gas).
A diagrammatic representation of the Messerschinidt hydrogen gen-
erator may he found on page 608 of Rogers’ Industrial Chemastry,
IFourth Ldition. Tron oxide is charged into the cvlindrical iron
retort and heated to a temperature of between 700° and 800° (.
by burning water gas in the presence of air introduced into the
checkered, brick filling. At this temperature, iron oxide reacts
with the carbon monoxide and hydrogen of the water gas to form
metallic iron, carbon dioxide and water (2).

(2) FeO.Fe.05 + 200 -+ 2I, — 3Fe 4 2C0.T 4 21LOT

When this reaction is complete the water gas and air are shut off
and steam is introduced. The steam is superheated in its passage
through the outer jacket, and as it ascends through the heated iron,
it is reduced, producing magnetic iron oxide and generating hydro-
gen (3).

(3) 3Fe + HLO - 41T 4 Te,0;

"The hydrogen passes out of the apparatus and is cooled and freed
from dust by washing with a spray of water. Carbon dioxide is
removed with lime and any hydrogen sulfide present is taken out
with oxide of iron.
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4. Tn the so-called “ Silicol” process, powdered ferrqsilicon (FeSi),
made by the reduction of iron ores high in silicon, is added to a
20 per cent solution of caustic soda kept at a temperature between
80° and 90° C. In order to reduce the possibility of an explqsron
in the generator, the powdered ferrosilicon is som?times made into
a paste with water, which decomposes the phosphides present, z.md
then is allowed to drop into the caustic liquor. This method is a
rapid one for making a very pure hydrogen. It is one of the
methods in use by the U. S. Army and Navy.
The reaction involved in the generation of H, is that of caustic
soda on silicon or an iron alloy of silicon (4).

(4) Si 4+ 2NaOII + ILO — Na,SiOy + 2H,T

5. When electric power is available at low rates, and particularly
when oxygen as well as hydrogen can be marketed, the electrolysis
of water is the preferred process for preparing hydrogen. A very
pure hydrogen is obtained by passing a direct current between iron
electrodes immersed in a 10 to 25 per cent caustic soda solution.
Hydrogen by this process is used mostly for making synthetic
ammonia.

o. Carbon and hydrogen are the ultimate products obtained by
the pyrolysis of all hydrocarbons. The various processes differ
materially from one another and are dependent principally upon the
type of carbon (carbon black, lampblack, etc.) desired. In general,
methane or natural gas is heated either with or without a catalyst
at relatively high temperatures. When either of these gases is
passed through an alundum tube heated to 1300° to 1700° €., hydro-
gen and carbon, uncontaminated with intermediate products, are
produced. In some of the other processes, iron, cobalt, and nickel
(if kept clean of accumulated carbon) are employed to catalyze
the production of carbon and hydrogen.

7. The production of acetone and butanol by fermenting a mash
of ground, low-grade corn with the microsrganism, Clostridium
acetobutylicum, yields large quantities of a very pure mixture of
hydrogen and carbon dioxide. The separation of the carbon dioxide
from the hydrogen is effected almost completely by passing the
gas mixture under pressure through a tower down which water
trickles. The remaining traces of CO, may be completely removed
with caustic soda. By burning part of this hydrogen in air, nitrogen
is produced and is used, together with the hydrogen, to synthesize
ammonia. If the mixed gases are passed over heated charcoal, a
carbon monoxide-hydrogen mixture is obtained. This may be
utilized to catalytically synthesize methanol. The energy required
to separate the carbon dioxide from the hydrogen may be partly
recovered by passing the solution of carbon dioxide through a
Pelton wheel.

8. Certain metals, notably potassium and sodium, react very
energetically with water to form the respective alkali hydroxides
and hydrogen. Although sodium is the least active of the two, it
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generates sufficient heat on contact with water to ignite the escap-
ing hydrogen and cause an explosion. However, when sodium is
amalgamated with mercury, or alloyed with other metals, its activ-
ity is reduced to a usable rate. An alloy, hydrone, composed of
sodium and lead, is available commercially, and furnishes a con-
venient but expensive source of pure hydrogen.
_ Sodium amalgams are used as reducing agents in organic chem-
istry.

9. Some metals, e. g., Zn, Al, Li, are acted upon by caustic and
produce hydrogen (5).

(5) 7Zn 4 2NaOIl — I1,] + Na,Zn0O,

10. Because of the low dry-weight of Lill and the high proportion
of hydrogen, this compound is used to produce hydrogen for war
use.  Only heat or water is necessary to decompose the hydride.
Of the other hydrides, Call, (hydrolyte) is of use in furnishing
a quick, pure source of hydrogen according to the following equa-
tion (6).

11. When heated ammonia gas is passed over an iron catalyst it
breaks down to N, and Il,.  Liquid ammonia is the source of hydro-
gen for atomic hydrogen torches (see p. 30).

12. Electrolytic caustic soda production is attended by the forma-
tion of hydrogen (cathode) and chlorine (anode) as by-products.
This hydrogen, formerly wasted, is now being utilized. Not infre-
quently, it is combined with the anodic chlorine to form a very
pure hydrogen chloride which is dissolved in water to give a high
quality hydrochloric acid.

Hydrogen-ion Concentration or pH.—The hydrogen ion (symbol
II*+) is a hydrogen atom with a positive electric charge resulting
from the loss of the one and only electron from its outer shell.
Strictly speaking, it is a proton. According to modern ideas of
ionization of acids it is believed that the hydrogen ion, as such,
exists only to a very limited extent in solution because protons
cannot exist in polar! solvents without combining with the solvent.
For example, in aqueous solutions the proton of an acid combines
with a molecule of water resulting in the hydronium ion (H,O%)
according to the following reaction (7):

(7) HC1 + I1L,O =2 H;0+ 4 CI-

This combination of a proton with solvent is also true of other
polar solvents such as aleohol which is of considerable pharma-
ceutical importance (8).

(8) HC1 4 GILOH = C.HLOHHY + Cl-

1 Polar compounds are those in which the centers of negative and positive electricity
do not coincide, thus creating an electrical field about the molecule. The molecules
may be considered as differentially charged bodies, somewhat similar to small mag-
nets (positive at one end and negative at the other).

3
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However, hydrocarbons such as benze.ne, etc., are not polar and
and are incapable (in an anhy_drous form) of accepting protons.
They are spoken of as aprotonic solvents, and acids dissolved in
them exist in a wholly undissociated form and do not behave as
acids in the usually accepted sense of the word.

For the sake of simplicity this discussion will be confined to
aqueous solutions because they illustrate jonization phenomena as
well as anv solvent. Thus, to be exact in discussing the ionization
of acids in water the hydronium-ion concentration should he qukvn
of rather than the hydrogen-ion concentration. The hydronium
jon characterizes all acids, is responsible for their acidic properties
when in aqueous solution, and may be taken as an index of the rate
at which a metal will dissolve in the solution, the rate at which
cane sugar will ke inverted in the acid solution, ete.

The hydroxyl ion (symbol OII-) is a radical composed of a
hydrogen atom, an oxygen atom, and an electron giving the radical
a negative electric charge. It is the hydroxyl ion which is respon-
sible for the chemical properties of all alkalies.

The modern Bronsted-Lowry! concept of acids and bases (7. e.,
“an acid is a substance, molecular or ionic, capable of giving up
a proton to another substance, and a base is a substance, ionic¢ or
molecular, capable of combining with a proton”) is generally
accepted as most completely expressing the relationship of acids
and bases.  Acids ionize according to the following reaction forming
a hydrogen ion and a conjugate base:

HA =2+ + A-
Acid Conjugate
base .
Acids will act as acids only when the solvent has basic properties
enabling it to accept the proton as, for instance, water:

HA + ILO 2 IO + A-
Bases will “dissociate” only when the solvent has acidic properties
enab}mg the base to pick up protons. A typical example is am-
monia which will combine with the protons liherated by water to
give the ammonium ion and the hydroxyl ion as follows:

NH; + ILO = NI+ + OII-

Base, Acid; Acid, Base:

Erom the precgdmg discussion it is apparent that water may act
either as an acid or as a base and is therefore spoken of as being
amphot.erl(.: or amphiprotic. This is illustrated by the equation
for the ionization of water:

ILO + 11O « IL,O* + OH-

Acid, RBase, Acid, Base:
When 1 molecule of water ionizes as shown above, it forms one

! Chem. Rev., 5, 231 (1923).
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hydronium ion and one hydroxyl ion. Thus, pure water is always
neutral because it contains just as many hydronium ions as hydroxyl
ions. If a solution contains a greater number of hydronium ions
than hydroxyl jous it is acidic (acid), and if it contains less hydro-
nium ions than hydroxyl ions it is basic (alkaline). There is always
a constant relationship between the concentrations (expressed as
normality) of the two ions present, namely, the product of the
concentrations is equal to a constant.

Cior X Cop- = K
IFor pure water the constant K = (1 X 10-7) (1 X 10-7) = 1 X 10~1
1
at 25° C. There

(I()1),()()(),()()(),()()(i,()(]() or ().0()()()(K)()()()()(i()()**) at 25° C. Therefore,
if one concentration is high the other must necessarily be low in
order that the product of the two concentrations will always be the
same, namely 1. X 107" For example, if the concentration of IO+
(expressed as Cyyyo or [HLO]) is 1 X 1073 then the concentration
of OIT (Cop= or [OIT ) must be 1 X 10 in order to equal the
constant.!  Thus,

(1 X 107%) (1 X 1071) = 1 X 10wl = 1 % 10-4 = K.

Because of this definite mathematical relationship it can be readily
seen that the hydroxyl-ion concentration is being stated indirectly
whenever the hydronium-ion concentration is given.

A possible source of confusion in considering hydronium-ion
concentration lies in the fact that acids can be and are thought
of in two ways:

1. Total (Titratable) Acidity.—FExpressing acidity in this way
simply means that the acid concentration is stated in terins of
the amount of the acid substance present in a definite amount of
the solution.  For example, we may consider 0.1 N solutions of
HCl and CIHLCOOH. There is no difference in the total acid
concentration of these two solutions. This expression of concen-
tration does not show what portion of the acid is dissociated, but
merely the total amount of acid, dissociated and undissociated,
that is present.  This acidity is commonly expressed in terms of
per cent (by weightj, Gm. per 100 cc., molarity,® molality,® or
normality.t Procedures for the determination of thesc expressions
are known as acidimetry and alkalimetry.

! In multiplying two powers of the same number, the exponents are added to get
the exponent of the product, and in dividing two powers of the same number the
exponent of the divisor is subtracted from the exponent of the dividend to get the
exponent of the quotient.

2 A molar solution contains a gram-molecular weight of the substance in 1000 cc.
of solution.

3 A molal solution contains a gram-molecular weight of the substance in 1000 Gm”
of solvent.

4 A normal solution contains a gram-equivalent weight of substance in 1000 cc.
of solution. A gram-equivalent wgight of a substance is the gram-molecular weight
divided by a number representing the number of gram-atomic weights of hydrogen
or its equivalent present in the compound.
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—ion Concentration.! —This expression of acidity 1
| acidic “intensity’ of a solution

which in turn depends upon the amount of hydronium-ion pres<;lrlf
through dissociation of the acid mol?'cul'e‘s. i\cxds are U;Uﬂ \
spoken of as being “strong” or “weak.” The “strong’ acids arc
those which are highly ionized (e. g., HCl, HNO;, 112.504,.etc.),
whereas the “weak” acids are those which are ionized only slightly
(e. g., HCN, H;BOs, organic acids, etc.). Therefore, although we
find no difference in total acidity between 0.1 N HCI and 0.1 N
CH,COOH, there is a considerable difference in the hydronium-ion
concentration because HCI in that concentration is almost com-
pletely ionized, and CH,COOII is ionized very little. Bases, also,
are designated as being “strong’” and “weak” depending upon the
extent of ionization. Hydronium-ion concentration can be ex-
pressed in the same way as total acidity, e. g., as grams of hydro-
nium ion per 100 ce. of solution, or more commonly as gram-equiva-
lents of ;0% per liter.

The expression of hydronium-ion concentration in aqueous solu-
tion is limited by the ionization constant of water to a range of
between 1 X 10° and 1 X 107 (not including the extreme limits).
Because the numbers expressing hydronium-ion concentration are
mathematically cumbersome to use in expressing acidity, it was
suggested by Sorenson that they could be more practicably ex-
pressed as negative logarithms to the base 10. This number (the
negative log) is called the ‘“hydrogen-ion exponent” and is desig-
nated by the symbol pH. Therefore, we have the following rela-
tionships:?

2. Hydrontum
the one representing the actua

PH = —loglll'] = —log[ILOY = log 1>+1
3

The calculation of pH from the hydronium-ion concentration and
vice versa offers some difficulty to the average student, usually
because of unfamiliarity with logarithmic manipulations. The
authors have taught a rather simplified method of calculation for
a number of years with considerable success. Briefly, for the
conversion of [H;0*] expressed in normality to pH it consists of the
following steps:

1. Obtain the [H,0%] as gram-equivalents per liter (normality).

2.- Convert the decimal expression of normality to the exponential
form (z. e., to a number multiplying a whole number power of 10).

3. Take the log of the number and add it to the exponent.

4. Change the sign of the exponent and call it pH.

(The conversion of pH to [H;0] is essentially the converse).

To illustrate: What is the pH of a solution containing 0.0000343
gram-equivalents of H;O+ per liter? '

' Often designated as hydrogen-ion concentration but in keeping with the preceding
discussion the above nomenclature is preferred. )

? The reader will note that in agreement with the previous discussion the [H,0%)
is to be considered [H*], and, indeed, in aqueous solutions it is immaterial whether the
expression ‘‘hydronium ions’ or *hydrogen ions" is used. Exceptions arise only
when other solvents are considered.
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Step 1.

The information is already given, the [H;0+] being 0.0000343 N.
Si(,’[) 2.

[H;0%] = 0.0000343 N = 3.43 X 10-5 N
Step 8.

log of 3.43 = 0.54
SOHOH] = 343 X 1078 = 1 X 10654080 = ] X ()44
Siep «4.
[II:}()"'] = 1 x ]“ 446
copll = 4.46.
To illustrate the conversion of pll to [1T1,04]:
Caleulate the [H04] of a solution having a pIT of 11.56.
Step 1.~ Change the sign of the pH and make it a power of 10,
pH = 11.56
[(ILOY] = 1 X 10-130

Step 2.—Convert the exponent to a negative whole number and a posi-
tive log having a zero characteristic.
[}L()+] =1 X 10715% = | X 10(~|:+0.44)

Step 8.—Convert the log to a nunmiber and remove from the exponent.
[(ILOH = 1 X 1024080 = 9.8 % (-

Step 4.— Convert the exponent form of the number to the decimal form.
[H01] = 2.8 X 10712 N = 0.0000000000028 N

As further typical examples of the solution of these problems the
following may be solved by three methods: (1) the above method,
(B) the use of the negative log of [11;0+], ((") the use of the log of
the reciprocal of the [I1,O].

1. What is the pll of a solution containing 0.00001 gram-equiva-
lents of H;O* per liter?

A, [1LOY] = 0.00001 N =1 X 1073
pll =5
B. pH = —log 0.00001 = —[=5] = 5

log 0.0&0«)1 = log 1><110vls = log (I X 1) =5
2. What is the plI of a solution containing 2.86 X 1074 gram-
equivalents of H;O* per liter?
A. [H;;()ﬂ = 986 X 10~ = 1 X 10(=4+046) — ] % ]384
pll = 3.54
B. pll = —log (286 X 109 = —[0.46 + (—4)] = —[~3.54]
= 3.54

‘ I 100 e
C. pH = log 9,46 X 104 — log 286 = log 104 —log 2.86
=4 — 046 = 3.54

C.pll =
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3. What is the hydronium-ion concentration of a solution having
a pH of 5.627
A, [H;0t]) =1 X 10562 = 1 X 106+ = 2.4 X 107°

B. pH = —loglH;0%]
5.62 = —log[lL,OY]

—5.62 = (—6 + 0.38) = log[11,0%]
(LOY] = 2.4 X 10°8

1
. pH = log [1,0%]

i

5.62

I 1
IO |
= l()g l - ]Uglllq()+J
0 — log [H,01] = — log [I1;O*], ete., as in B
4. What is the pll of a 0.1 N solution of NHOH if it is 1.31 per
cent jonized?

|

il

A. Nore.—At this point we may introduce a new term, pOH,
which is a term expressing the hydroxyl-ion concentration
in the same way that pH expresses hydronium-ion con-
centration. It is easily obtained by subtracting the pH
from 14. Therefore:

pOH = 14 — pll
or pH = 14 — pOH

This problem is readily solved by attacking it as a pll problem,
but solving for pOH instead and then finally subtracting the pOH
from 14 to get the pI.

0.1 N X 1.31¢9;, = 0.00131 N (with respect to OI-)
[OH-] = 1.31 X 1073 = 1 X 1034012 — | % ()25
. pOH = 2.88
pH = 14 — 288 = 11.12
B. [OH-] = 0.1 N X 1.319, = 0.00131 N
and, since [H,0%] [OH-] = 101
104 10
+ = - =
[11:0] [OH-] ~ 0.00131
pH = —(log 10~ — log 0.00131)
log 1074 = —14 = 6-20
log 0.00131 = 7.12 — 10
pll = —[6-20—(7.12—10)] = 11.12
C. 0.1 N X 1.319 = 0.00131 N, the Oll-ion concentration.
1071 =+ 0.00131 = 7.63 X 10~2 N, the IO+ concentration.

pH = = 11.12

1
log 7 63 % 10-2
Hydronium-ion concentration can be measured by three greatly
different methods: colorimetric, electrometric and chemical.
The colorimetric method utilizes reagents called indicators.
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Indicators are usually weak organic acids or bases in which the
undissociated molecule has one color, and the anion or cation
produced by dissociation has another color. This may be illus-
trated by considering the ionization of a typical weak acid, brom-
phenol blue, which exhibits a yellow color in the acid form, and a
blue color in the basic form. Representing bromphenol blue by
the general formula (HInd) for an indicator acid we have:
HInd + .0 =2 H,0* + Ind-

Acid form Basic form
or

Yellow molecules + 11O & 0t 4+ Blue Anions.
The law of mass action when applied to the first equation! gives us:

ULO* (Ind-] IO [Ind] . vp ot [I,0%] [Ind-
Wind] (10 = N i) = K HEOL T g

or

]:1<1

(IO [HInd] _ [Yellow Molecules)

K, [Ind-] =  [Blue Anions]

From the above mathematical expression it is apparent that since
Ky is constant, the variation of [H;O*] changes the ratio of yellow
molecules to blue anions. If the [I1;0*] becomes smaller, then
the ratio of yellow molecules to blue anions must change so that
we have relatively more blue anions than yellow molecules. The
reverse would be true if the [11:0?] becomes larger. The qualities
desired in an indicator are: that there be a sharp contrast between
the two colors and that the color change be effected by a small
change of pII. There is a sufficient number of indicators to cover
the whole range of hydrogen-ion concentration, with a satisfactory
amount of overlapping and duplication.

In the following table is given a number of the more common
indicators, together with their respective ranges of pll and color
changes.

Indicator Range of pH and Color Changes
Meta cresol-purple 1.2 (red) to 2.8 (yellow)
Hellige orange 2.6 (red) to 4.2 (vellow)
Bromphenol blue 3.0 (green) to 4.6 (blue)
Methyl orange 3.1 (red) to 4.4 (yellow)
Bromeresol green 4.0 (yellow) to 5.6 (blue)
Methyl red 4.2 (red) to 6.3 (vellow)

Chlorphenol red and

bromeresol purple 5.2 (green) to 6.8 (purple)
Bromthymol blue 6.0 (vellow) to 7.6 (blue)
Phenol red 6.8 (yellow) to 8.4 (red)
Cresol red 7.2 (vellow) to 8.8 (red)
Thymol blue 8.0 (yellow) to 9.6 (blue)
Phenolphthalein 8.3 (colorless) to 10.0 (red)
Thymolphthalein 9.4 (colorless) to 10.6 (blue)
Nitro vellow 10.0 (faint vellow) to 11.6 (deep yellow)
Violet 12.0 (purple) to 13.6 (blue)

1Sinee Hy0 is very nearly constant in these solutions. it may be incorporated into
the constant K to give a new constant Ki.
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The technique of measuring pll by the colorimetric mctl_wd
involves matching the color of the unkn'own sglutlon treated with
a proper indicator to the colors of solutions of I\inown pl I' treated
with the same indicator. When the
solution of which the pll is to be
measured is colored, the color must
be duplicated in the comparison
solutions of known pll.  This is
accomplished by putting an equal
volume of the solution in the line
of the light passing through the
standard colors.

Various apparatus have been pro-
duced commercially to facilitate the
colorimetric measurcment of pll.
Figures 2 and 3 show two forms
of the LaMotte comparators in
which the standard colors are sup-
plicd in sealed test-tubes.  The
standard  solutions are not per-
wanent and, therefore, must be replaced after a period of time
somewhat greater than a year. Figures 4 and 5 show side and front
views of the Hellige comparator which uses disks containing little
windows of glass having colofs that are exactly the same as the
colors of solutions of known pH which have been treated with the

Fia. 3

indicators corresponding to the particular color disk. One of the
disks is also shown. These standard disks have the advantage of
being permanent. Figure 6 shows a block containing a sufficient
number of indicators to cover a considerable portion of the pH
range. The colorimetric method of measuring pH is widely used
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in. ix‘)dustry. For convenience, the colorimetric method of deter-
mining hydrogen-ion concentration has been adopted for pharma-
copoeml purposes and is to be employed where pigments and pro-
teins present in the solution do not vitiate its use.

The electrometric or potentiometric method is based upon the meas-
urement of the voltage developed between special electrodes when
immersed in the solution. The difference in potential is measured
with a potentiometer and since this difference is directly dependent
upon the presence of H,O* in the solution, it is equivalent to deter-
mining the concentration of H,0*+. The voltmeter, or its equivalent,
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is frequently graduated to read directly in pIl on instruments de-
signed specifically for this purpose (Fig. 7). The electrometric
method is increasing in importance because it is rapid, can be used
in solutions containing pigments and proteins, and because it can
be used, with the aid of relays, to control & chemical reaction in
which the pIl must be carefully established and maintained.  (See
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brochure on pll measurements published by American Society for
Testing Materials, 1916 Race Street, Philadelphia, 3, Pa.)

The chemical method for measuring hydrogen-ion concentration
is only of scientific interest and is not used practically as a method
for determining pIl. It is impractical because it involves the ad-
dition of chemicals to the solution of unknown pH and which by
themselves, change the hydrogen-ion concentration of the solution.
One means of determining pH chemically is to compare the rate
of inversion of sucrose with the rate at which an acid of known
hydrogen-ion concentration inverts the sucrose under the same
conditions.  ‘This particular reaction is convenient because the
inversion of the sucrose can be measured in a polariscope.

In addition to the three well-defined, exact methods of pll
determination, there is a less exact but more practical variation
of the colorimetric method in which strips of paper are impregnated
with an indicator. Merely dipping the paper in the unknown
solution produces a color on the paper which can be compared
with charts supplied by the manufacturer. These arc of value to
diabetic patients for testing the actual acidity of the urine, and
also to the chemist and pharmacist. Examples of these papers are
the * Nitrazine™ paper (Squibb), *pHydrion” paper (Central Sci-
entific Co.), “ Alkacid Test Ribbon™ (Fisher Scientific Co.), and
“Universal pll Indicator Paper” (Braun-Knecht-Heimann Co.).

The importance of controlling the pH in solutions has been
recognized for a long time.  Unfortunately, the pll of a solution,
cven when carefully adjusted, will not remain at that point indefi-
nitely because of extraneous factors such as alkali in the glass from
which cheap bottles are made, CO. in the air, etc. To remedy
this situation, use is made of buffer mixtures. A buffer mixture (or
buffer pair) is usually a solution composed of a weak acid and a
salt of the weak acid or a weak base and its salt.  The latter is not
widely used because of greater sensitivity to temperature changes.
A buffered solution will resist any great change in the pH which
may be caused by the addition of small amounts of acids or bases.

As an example, a typical acetic acid-sodium acetate buffer
mixture will clearly show the mechanism of buffering. Upon the
addition of HCI to a buffer of this composition we have the intro-
duction of potentially enough hydronium ions to change the pH
tremendously.  Iowever, in the buffer we have acetate ions (fur-
nished by the sodium acetate) which are strong bases and are
capable of combining with the hydronium ion to form relatively
non-ionized acetic acid molecules. This effectively removes the
acidic hydronium ions and prevents them from exerting their activ-
itv. In effect, we have converted a “strong” acid to a “weak”
acid according to the following equations:

II;;()+ + Cl].,(‘()()_ pramd (‘Ili(‘()()ll + II_)()
or written molecularly,

1C1 4 CHCOONa & CHyCOOH + NaCl
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Addition of an alkali, such as NaOH, to this buffer mixture sets
up a different chain of events to take care of the excess hydroxyl
jons. The acetic acid in the buffer mixture, while not 'greatly
ionized, furnishes enough hydronium ions to combine with .the
added hydroxyl ion to form water, which is practically non-ionized
insofar as affecting the pH is concerned. This is illustrated by the
following reactions:

ILO* + OHl- « H.0 + ILO

or written molecularly,
CH,COOH + NaOIl = CIH:COONa + 11,0

The adjustment and stabilization of plII in solutions is of wide-
spread importance in many fields of work. In pharmacy the close
control of pH in many pharmaceutical preparations is of utmost
concern. The stability of preparations such as tinctures of aconite
and digitalis, fluidextract of ergot, and others is dependent upon
adjustment of the pH to a relatively acidic reading, because the
deterioration of these preparations is greatly aceelerated under
alkaline conditions. Aqueous and dilute alcoholic solutions of
most of the vitamin B group, particularly thiamiue hydrochloride,
are sensitive to a pll over 5 and for maximum stability should have
a pH ranging from 3.5 to 4.5. Solutions of alkaloidal salts should
be kept on the acid side of the pll scale to prevent precipitation
of the free alkaloid. Maintenance of a good coloration in many
galenical preparations is dependent upon the control of pIl. Tt
is important to note that certain drugs used in prescription work
may be unstable in either acidic or alkaline media. Among the
common drugs affected, Wyss! lists the following:

Alkali Unstable Acid Unstable
Acetanilid Diluted HCN
Acetophenetidin Salts of Organic Acids
Chloral Hydrate Arsphenamine
Phenobarbital and other Diphenyl Hydantoin Sodium

barbiturates (Dilantin Sodinm)
Guaiacol Compounds Pancreatin
Hydrogen Peroxide Paraldehyde
Mercuric Chloride Sodium Nitrite
Mercurous Chloride Sodium Thiosulfate
Strophanthin
Pectin Acid and Alkaly Unstable
Pepsin Acetylsalicylic Acid
Resorcinol Antipyrine
Resorcinol Mono-acetate Atropine
Salol Creosote Carbonate
Santonin

Tannic Acid
The adjustment of pH in prescriptions is carried out by the follow-
ing practical method.!

! Wyss, A. P., The Importance of pH in Prescriptions, Merck Report, p. 16,
April, 1045.



ISOTOPES OF HYDROGEN 45

Practical Adjustment of pH.—“ Step I.—The prescription ingredi-
ents are combined and the preparation is brought to within % to
1 fluid ounce of the desired volume. Using an indicator paper of
wi.de pIl range, the approximate pH value of the mixture is deter-
mined by moistening the paper with a drop of the preparation and
comparing the resulting color with the standards provided. This
step serves to indicate whether acid or alkali will be needed for the
adjustment and to show approximately how far the pH of the
mixture is from the desired range.

Step 11.—Small pieces of indicator paper, especially suitable for
showing differences of pH over a narrow range of pll, then are
placed on a pill tile or other convenient surface. Let it be assumed,
for example, that the desired pH is to be approximately 4, with
an upper limit of 5 and a lower limit of 3. A drop of each of three
standard buffer solutions is placed on individual pieces of the indi-
cator paper—one buffer solution representing the upper limit of
the desired plI range (pH 5), one the lower limit (pH 3), and one
the median value (pH 4). The colors thus produced will serve as
guides in adjusting the pH of the finished prescription.

Step I11.- Dilute hydrochloric acid or sodium hydroxide of
known strength is added in measured small amounts to exactly
10 cc. of the prescribed mixture as the case requires. FEach addi-
tion is followed by thorough mixing and testing on fresh portions
of indicator paper until the color obtained shows the pH of the
sample to compare favorably with that produced by the specified
standard buffer solution (pH 4). From the amount of acid (or
alkali) required for the 10 cc. portion of the prescribed mixture,
the volume needed for the remainder of the preseription may be
calculated.

Step I'V.—The calculated volume of acid (or alkali) is combined
with the rest of the mixture, the above portion which was sub-
jected to the preliminary adjustment is added, and sufficient
vehicle is used to yield the final volume. The completed prepara-
tion is mixed thoroughly and subjected to a final check of the pIl
value; if satisfactory, the product is packaged properly and labeled,
with complete instructions to the patient concerning proper condi-
tions of storage and use.”

Isotopes of Hydrogen.- 'I'wo isotopes!' of hydrogen oceur in Nature,
these having mass 1 and 2. Of these, 'H is by far the most abun-
dant. I (known as Deuterium) is estimated to be present in
ordinary hydrogen in the concentration of about 1 part in 5000.

Because of the fact that its vapor pressure in the liquid phase is
slightly lower than that of liquefied hydrogen (Il), deuterium lends
itself to concentration and, by the application of this property,
Prof. II. C. Urey of Columbia University succeeded in isolating
a small quantity of the pure isotope by the careful fractional dis-
tillation of liquid hydrogen. Most of the pure isotope which is

! An isotope is one of several possible forms of an element, all forms having identi-
cal chemical properties but different atomic weights.
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n experiments dealing with

ime is used i ]
produced at the present ti esting

the bombardment of molecular nuclei, and some very inter
results have been obtained. For example:

*H + Li = 2¢He
7] 4 ®Na = *Na 4 I

The isotope of sodium (*Na) produced in the last reaction Is S{ll.d
to be radioactive for a period of about fifteen hours. Salts Qf _f_hls
radioactive sodium have been made and there is the possibility
that they may be administered internally. (See p. 659.) )

Just how the introduction of one or more atoms of deuterium
into a molecule will affect the therapeutic activity of the resulting
substance has not been determined, but it is predicted that these
substances will be influenced markedly by the presence of this atom.

Deuterium Oxide (Heavy Water). — Pure deuterium oxide may be
prepared by burning pure deuterium in oxygen or by the electrolysis
of ordinary water. In the latter method the water which contains
hydrogen with mass 1 is broken down first and the hydrogen and
oxygen are liberated at the electrodes (nickel electrodes (1.5 molar
sodium hydroxide as electrolyte—Taylor). As this process is al-
lowed to continue the per cent of deuterium oxide (D.O) in the
water becomes greater and greater and thus it is possible to obtain
almost pure 1.,0. This method was proposed by Urey and was
used by G. N. Lewis of California in the preparation of “Heavy
Water,” the physical constants of which are reported to be:

. Density, 1.1059 at 20° C.

. Freezing-point, 3.82° C.

. Boiling-point, 101.42° C.,

. Heat of fusion, 1510 calories.

Heat of vaporization at 25° ("., 10,743 calories.

Temperature of maximum density, 11.6° (.

It is about 25 per cent more viscous than ordinary water.

. Salts are about 10 per cent less soluble in it than they are in
ordinary water.

9. Salts dissolved in heavy water are ionized to a lesser degree
than when dissolved in ordinary water,

The facts that certain seeds failed to germinate and that tadpoles
and guppies could not live when placed in heavy water gave rise
to the supposition that this form of water was toxic to all forms of
life. In an attempt to prove or disprove its toxicity a number
of persons have drunk variable quantities of this water each day
for varying lengths of time and, to date, no untoward results have
been recorded. If, as is indicated by the results of these experi-
ments, this water is not toxic to human beings then some other
explanation for its toxicity to seeds and lower forms of life must
be made. It is possible that this may be attributed to the same
phenomenon which causes certain seeds to sprout and grow better
in water obtained from melting ice than they will in water which
is obtained by condensing steam.

O N U~
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Methods have been developed for the detection of minute amounts
of DO in ordinary water.  This has made it possible to use it as a
fracer compound i chemical and physiological compounds.

Uses. - Hydrogen is used in the Haber process for nitrogen fixa-
tion (¢. v.), for inflating balloons; for the production of high tem-
peratures when burned with oxygen; and for the hydrogenation
of oils used for edible and other purposes.

The work of Dr. Trwin Langmuir of the General Electric Com-
pany made it possible to obtain one of the highest temperatures
ever produced and also to effect a weld in a reducing atmosphere.
Hydrogen is passed through an electric are wherein molecular
hydrogen is converted into atomic hydrogen (9). Immediately
upon issuing from the are the atomic hydrogen combines to form
molecular hydrogen and a tremendous quantity of heat is evolved.
This hydrogen then burns with the oxvgen of the air. In short,
the flame consists of a nucleus of combining hydrogen atoms sur-
rounded by a shell of burning molecular hydrogen. A temperature
of about 50007 €', has been obtained.

(9 T 4+ 98,000 cal. 2 1T + 1T

Cther than its use in the activated state as a laboratory agent in
the preparation of many chemical compounds (see Reduced Iron
p. 610), it is never used in pharmacy or medicine.



CHAPTER 111
WATER AND HYDROGEN PEROXIDE
WATER
Formula, H)(). Molecular Weight, 18.016

History.—The nature of water was held to be elementary until
the latter part of the eighteenth century. In Robert Boyle's time
(1627-1691) it was known that some metals, e. g., tin, iron, zinc,
ete., dissolved in aqueous solutions of hydrogen chloride with the
evolution of a vile-smelling gas, which was thought to be air con-
taminated with “obnoxious oils.” This view was held by all
chemists until 1781, when Cavendish showed that the evolved gas
could be purified of its odor and then possessed constant physical
and chemical propertics differing widely from those of air. e not
only demonstrated that this gas burned in air with the evolution of
heat and the formation of water, but also determined the quanti-
tative relations and found that it took nearly 1000 volumes of air
to burn 423 volumes of “hydrogen” gas. This important discov-
ery was confirmed by the subsequent experiments of Humboldt
and Gay-Lussac. In 1783 Lavoisier decomposed water into its
elements and showed that it was composed of about 1 part by
weight of hydrogen and about 8 parts by weight of oxygen. It was
not until 1805 that Gay-Lussac and Humboldt proved the volume
composition of water.

Occurrence. —'The ocean is by far the most abundant of all natural
sources of water. About 25 per cent of the water vapor rising
therefrom is condensed to rain, snow, sleet, etc., and precipitated
on the land. TIn this way lakes and rivers are formed; or the water
is absorbed by the soil and used by plant life; or, perhaps, it re-
appears again in springs, etc. Mineral waters are natural spring or
well waters which contain in solution sufficient quantities of mineral
or gaseous matter to render them unfit for domestic use. The
nature and quantity of the dissolved substances make these waters
of more or less value as medicinal agents. The Council on Pharmacy
and Chemistry of the American Medical Association has this to
say about the therapeutic values of mineral waters: “The Council
has declared artificial mineral waters to be non-essential modifica-
tions of natural waters, that natural mineral waters are only one
feature prescribed by spas and health resorts and that mineral
waters are not eligible for consideration for acceptance as individual
products, since there is no convincing evidence to show that the
many therapeutic claims which are made for these preparations as
bottled for individual use are valid.” They are usually designated

(48)
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according to the character of their most important medicinal con-
stituent. Thus:

Alkaline waters usually contain appreciable quantities of sodium
and I'Ililg'l'lCSil'llll sulfates together with some sodium bicarbonate.
Apollinaris, Vichy and the waters from the Capon Springs (W. Va.)
are examples.

Carbonated waters are those which have been charged while in the
earth with carbon dioxide under pressure. They usually effervesce
on coming to the surface. Such waters contain calcium and mag-
nesium carbonates in solution as bicarbonates.  Springs in Colorado
and Yellowstone Park (Wyoming) yield waters of this class. Arti-
ficial carbonated waters may be made by charging water under
pressure with carbon dioxide.

Chalybeate waters contain iron in solution or in suspension and
are characterized by a ferruginous taste. Upon exposure to the
atmosphere the iron is usually precipitated as hydroxide or oxide.
Spring and well waters containing iron are very common.

Lithia walers, as a rule, do not contain appreciable quantities of
lithium. If present, it occurs in the form of the carbonate or chloride.

Saline waters are sometimes called “ purgative waters” and con-
tain relatively large amounts of magnesium and sodium sulfates
with sodium chloride. The waters from springs located at Saratoga
Springs, N. Y., and from the Blue Lick Springs in Kentucky are
examples.

Sulfur waters contain hydrogen sulfide. These waters, e. g., the
waters from White Sulphur Springs, W. Va., Richfield Springs,
N. Y., ete., deposit sulfur upon exposure to the atmosphere.

Siliceous waters oceur in Yellowstone Park and Iceland and con-
tain very small quantities of soluble alkali silicates.

Water constitutes from 75 to 90 per cent of green plants; from 80
to 98 per cent of fruits; and about 65 per cent of the animal body.
In the form of water of hydration it enters into the composition of
many chemicals.

Physical Properties.—’urc water is a tasteless, odorless, limpid
liquid which is colorless in small quantities but greenish-blue in
deep layers. Tt is only slightly compressible and is a poor conductor
of heat and electricity. At atmospheric pressure (760 mm.) water
exists as a liquid between 0° and 100° C., reaching its greatest
density at 4° C. Below 0° C. it becomes a solid and above 100° C.
a vapor. When water passes from one physical state to that of
another, heat (energy) is either consumed or liberated. Thus, when
1 G of ice at 0° C. changes to T G, of water at 0° C., 79.71 cal-
ories of heat are required to effect the transformation (heat of fusion
of ice). Likewise, when 1 G, of water at 100° C. turns to 1 Gm. of
steam at 100° C., 539.55 calories of heat are consumed (heat of
vaporization). These temperatures are known as melting- or ‘fre?z-
ing-point (solids to liquids or vice versa) and as boiling-point (liquids
to vapors), respectively. The boiling-point of a liquid is that tem-
perature at which the pressure of its saturated vapor is equal to the

4
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st&ndard atmospheric pressure (760 mm.). fI‘he spe_czﬁc hcqt of a
substance is that quantity of heat expressed in calories re(gunrefi to
raise 1 Gm. of it 1° C. The specific heat of water at 14.5° C. is 1.
The unit quantity of heat is called the calorie (cal.). Ito is the
amount of heat required to raise 1 Gm. of water at 14.5° C. to
a temperature of 15.5° C. The large calorie, or kilocalorie, is 1000
times larger than the calorie.

The dissolved impurities in all ordinary potable waters amount
to very little, usually less than 0.1 of 1 per cent. One of the chief
factors that determines the value of a water for domestic and com-
mercial purposes is its hardness. This property is occasioned by
the presence in solution of varying amounts of calcium, iron and
magnesium salts, which convert the ordinary soap (water-soluble
sodium and/or potassium salts of high molecular weight fatty acids)
into water-insoluble calcium, iron, and/or magnesium salts of the
fatty acids (1).

(1) 2RCOONa + CaSO, — (RCOO0).Ca | + Na,SO,
Water-soluble Hardening Water-insoluble
soap agent soap
Only when all of the hardening substances have been precipitated
as a water-insoluble curd by the above mechanism will the soap
begin to lather. It is apparent that hard water may be undesirable
in many respects and, therefore, methods of removing hardness
have received much attention. Water may possess temporary or
permanent hardness or both.

Temporary hardness is caused by the presence in the water of
soluble calcium or magnesium bicarbonates. These bicarbonates
are formed by the action of water charged with carbon dioxide
percolating through limestone deposits to cause the following reac-
tion to take place (2).

(2) CaC03 + I'LO + C()g anrd Ca(HC():;)z

Water-insoluble Water-soluble

Temporarily hard water may be “softened” by the following
procedures:

1. Boiling.—The carbon dioxide that has held the insoluble cal-
cium and magnesium carbonates in solution as bicarbonates is
driven off by boiling and the insoluble normal carbonate is precipi-

tated (3).
(3) Ca(HCOs); + heat — CaCO; | + H;0 + CO, 1

This method, of course, is not too satisfactory when large volumes
of “softened’’ water are needed.

2. Clark’s Lime Process.—Clark, in 1841, suggested that slaked
lime, in quantities just sufficient to react with the bicarbonate ion,
be added to the water, thus precipitating the normal carbonate (4).

(4) Ca(HCO;)z + Ca(OH)z d 2C&C031 + 2H20
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Care must be taken not to add too much slaked lime since this will
impart a new hardness to the water which is more difficult to remove
than the original.

3. Addition of Soluble Alkali Carbonates or Hydroxides.—Sodium
carbonate, for example, when added to temporarily hard water will
precipitate the normal carbonate (5).

(5) Ca(HCOs): + Na,CO; — (aCOjs | + 2NaHCO,

This manner of softening water is familiar to the housewife through
the use of washing soda (Na,COs.10H,0)) as a water softener in
the laundry.

By furnishing hydroxyl ions, sodium hydroxide, on the other
hand, converts the bicarbonates to slaked lime (6) which reacts
with the calcium or magnesium bicarbonate still remaining (4).

(6) 2NaOIl + Ca(TICOy), — Ca(OIT), 4 2NallCO;

4. Addition of Ammonia.—Household ammonia is also used for
softening water (7).

(7) Ca(dICO; 4+ 2NH, — CaCOy | 4 (NH,),CO;

5. Permutit Process.—An artificial zeolite, called permutit, was
introduced by Gans (1910) as a means of softening both tempo-
rarily and permanently hard waters. DPermutit makes use of an
ion-exchange reaction for softening water. It is a sodium aluminum
silicate (said to be Na,HsALSi:0y;), and may be simply represented
by the symbol, Na,Permn. By passing the hard water through the
permutit, an exchange of the *“water-hardening” cations is made
for “non-hardening”’ sodium ions (8).

(8) Na,Perm + Ca(l1C(0;); — Calerm + 2NaHCOs

When the permutit is all converted to the CaPerm form it obviously
can no longer furnish sodium ions. To restore its activity a strong
solution of sodium chloride is allowed to flow through the inacti-
vated permutit, converting it to the sodium form again (9).

(9) Calerm + 2NaCl — Na,Perm + CaCl,

6. De-tonization of Water.-—The latest method for softening both
types of water is an outgrowth of the desire to obtain water approxi-
mating distilled water in purity without going through the wasteful
and expensive distillation procedure. Practically all of the pro-
cedures previously mentioned leave some chemical in the water,
although the water may be “softened”” in the ordinary sense of the
word. The presence of salts in water is undesirable in many manu-
facturing processes. The development of commercial resinous-ion
exchangers in 1935 made possible the removal of both cations and
anions from water. The removal of salts from water by this
process consists of two steps. The first step is a removal of the
cations by passing the water through a hydrogen-exchange resin
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(HResin) which converts any salt to the correspon‘diug acid by
giving up a hydrogen ion in exchange for the metal ion (10).

(10) 2HResin + Ca (HCO;), — Ca(Resin), + 2H,CO; (211.O +
2C0: 1)

So effectively is the salt changed to the corresponding acid that a
“salt machine” has been devised,! whereby a sample of water 1s
poured through the resin and the effluate titrated with. s'tandar.d
alkali to determine its acid content. Knowing the stoichiometric
relationship between a salt and the acid which it forms, the concen-
tration of salt in the original water can be determined. The results
agree very closely with those obtained by gravimetric procedures.
The second step accomplishes the removal of all anions (now in the
form of acids) by passage of the water through another resin (usu-
ally an amine-formaldehyde resin) whereby the —NH, groups
neutralize the acids (11).

(11) Resin—NH, + IICIl — Resin—NII,. T1C]

The water which finally issues from the de-ionizer compares very
favorably with distilled water in purity and it can be produced at
a lower cost.

Permanent hardness is caused by the presence in solution of the
sulfates, chlorides or hydroxides of calcium or magnesium. These
objectionable salts cannot be removed by boiling or by lime treat-
ment of the water. Permanently hard water may be softened by
the following procedures.

1. Addition of Soluble Carbonates.— By adding soluble carbonates
(e. g., NaxCOy) to the hard water the insoluble carbonates of caleium
and magnesium are precipitated (12).

(12) MgSOs(or CaS0y) + Na.('0; — MgCOy(or CaCOy) | +
NQLS( )4

2. Permutit Process.—As previously indicated, this process applies
equally well to temporarily and permanently hard waters (13).

(13) Na.Lerm + CaSO; — Calerm + Na.SO,

3. De-ionization of Water.— The resinous-ion exchangers also soften
both types of water, inasmuch as all anions and cations are removed
irrespective of the salts. "The removal of CaSO, from permanently
hard water is carried out by the typical two-step mechanism (14)
(15).

(1) 2MMResin + CaSO; - > Ca(Resin), + 11L,SO,
(15) 2Resin —NII, + 11,50, — (Resin—NI1,),. I1,80),

[t is interesting to note that during World War II the resinous-ion
exchangers were used as a source of drinking water on life rafts.
The hardness of water is variously expressed.  On Clark’s scale
(English) it is the number of grains of calcium carbonate per
! Ion-exchange Resins, Ind. and Eng. Chem., 35, 859 (1943).
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gallon of 70,000 grains of water; in Germany, it is expressed as the
number of parts of calcium oxide per 100,000 parts of water; and in
France as the number of parts of calcium carbonate per 100,000
parts of water. In the United States, hardness is represented
as 1 part of caletum earbonate or its equivalent in 1,000,000 parts
of water (1 milligram per liter).  Hardness is determined by shak-
ing a measured quantity of the sample of water with gradually
added portions of a soap solution (standardized against known
calcium chloride solution) until a permanent lather is produced.
Chemical Properties.—In most chemical reactions, water plays
merely a mechanical part, viz., that of a solvent for reacting sub-
stances. Nevertheless, this relatively stable substance does possess
certain well-defined chemical properties which are exhibited on
certain occasions. For example, it combines with many oxides to
form acids and bases (16 and 17);
17) Na,O + TLO — 2NaOH

it unites with many salts to form hydrates (18);
(18) FeSO; + TH:0 = FeSO,-TH,0

and it also reacts chemically with some substances in such a manner
that double decomposition (metathesis) takes place (19).  Such an
interaction is called hydrolysis.

(19) PCly 4 3110 — POID), + 3HCI

A mere trace of moisture very often exerts what is thought to be
a catalytic influence upon many chemical changes.  For example,
perfectly dry hydrogen and oxygen cannot be made to unite when
exposed to the action of an electric spark. However, under like
conditions, a trace of moisture causes them to combine with explo-
sive violence. .

Recognition of Water by U. S. P. XIIT and N. F. VIII With Tests fo
Purity.—The U. S. . XIII recognizes WATER (Aqua), DISTILLED
WaTkR (Aqua Destillata), SterILE DistinLep Warkr (Aqua Des-
tillata Sterilis) and Warer For INJeECTION (Aqua Pro Injectione).—
The National Formulary VII recognized RepistiLLep WATER
(Aqua Redestillata) and, in addition, gave specifications for Ampul
Water.

1. WatEr (Aqua) (ILO), U. S. P. XIII, must conform to the
following requirements and tests: It is a clear, colorless, practically
tasteless and odorless liquid.

It should have a range of hydrogen-ion concentration correspond-
ing to a pH of not less than 5.6 and not more than 8.3. The limit
of the former may be determined by adding 2 drops of methyl red
pH indicator (transition interval, 4.2 [red] to 6.3 [yellow] pH) to
10 cc. of water contained in a clean test-tube. No red color should
be produced. The latter limit may be determined by adding 2 drops
of phenolphthalein T.S. (transition interval, 8.3 [colorless] to 10.0
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[red] pH) to another 10 cc. portion of water contained in a clean
test-tube. No pink or red color should develop. '

When heated nearly to the boiling-point and agxtatf:d, water
should not evolve a disagreeable odor. The soluble impurities
should not exceed 100 mg. per 100 cc. )

Dissolved carbos dioxide in water attacks untarnished lead,
copper and some other heavy metal surfaces and forr.ns. soluble
bicarbonates which may be poisonous. Therefore, the limit of the
amount of heavy metals present in Water is specified and tested for
as follows: 1 ce. of diluted acetic acid and then 10 cc. of freshly
prepared hydrogen sulfide T.S. are added to 40 cc. of Water, heated
to 50° C., and allowed to stand for ten minutes. The‘ color of the
liquid when viewed downward over a white surface is no darker
than the color of a mixture of 40 cc. of the same Water with IQ cc.
of distilled water using matched Nessler tubes for the comparison.

The limit of soluble zinc salts is tested for as follows: 3 drops of
glacial acetic acid, then 0.5 cc. of potassium ferrocyanide T'.S. are
added to 50 cc. of Water contained in a glass tube. The solution
should not show more turbidity than that produced by 50 cc. of
distilled water in a similar glass tube, treated in the same manner,
and viewed downward over a dark surface (20).

(20) KiFe(CN)s + 27ZnS0; — Zn,Fe(CN) | (white) + 2K.50,

The U. S. P. XIIT requires that Water meet the standards for
freedom from coliform organisms required for potable water by the
United States Public Health Service.

2. DistiLLep Warkr, U. S. P. XTII (Aqua Destillata), is defined
as “water purified by distillation.” The present revision of the
U. S. Pharmacopceia does not include a method for its preparation.

Official distilled water is described as *“a colorless, clear liquid,
without odor or taste.” It should have a pIl of not less than 5.0,
as determined by no red color developing when 2 cc. of neutral
methyl red pH indicator is added to 10 cc. of Distilled Water con-
tained in a test-tube. Also, it should have a pH of not more than
7.0 as evidenced by no blue color being produced when 5 drops
of bromthymol blue pH indicator (transition interval, 6.0 [yellow]
to 7.6 [blue] pH) added to 10 cc. of Distilled Water. One hundred
cubic centimeters of Distilled Water when evaporated on a water-
bath and dried to constant weight at 100° C., should not leave a
residue weighing more than 1 mg. Distilled Water should not
respond to appropriate limit tests for sulfate, chloride, calcium,
ammonia, carbon dioxide, heavy metals and oxidizable substances
(see U. S. Pharmacopceia X111, p. 600). When Distilled Water is
allowed to stand, minute stringy or flocculent particles occasionally
make their appearance. These particles are microscopic plants
(confervee) developed from spores which have fallen into the dis-
tilled water. They may be minimized or entirely prevented by
allowing only air that has been passed through a pledget of cotton,
to come in contact with the distilled water.
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] 3.'$TE§{1LE DistiLtep Warer, U. S. P. XIII (Aqua Destillata
Sterilis) is prepared by placing Distilled Water in suitable con-
tainers, properly closing and sealing them, and then sterilizing
preferably by Process C. (See U. S. P. XIII, p. 692.)

Sterile Distilled Water and Distilled Water are not to be used
for parenteral administration or in preparations to be used paren-
terally. For such purposes Water for Injection should be used.

4. Warkr ror INgecTION, U. S. P. XIII (Aqua Pro Injectione). —
This product must be dispensed whenever “sterile water”” or “sterile
distilled water” for parenteral use is required or is dispensed as a
vehicle, solvent, or diluent for substances to be administered paren-
terally. This water is distilled and collected in clean (preferably
sterile) containers which have been rinsed with Water for Injection
or with freshly distilled water. This water may be used for paren-
teral solutions immediately, following suitable treatment, or it
may be kept overnight at temperatures preventing bacterial growth
or deterioration. In addition, it may be packaged and sterilized
for future use, the product thus packaged being required to meet
certain specifications as to sterility and clarity. It is not permissible
to use any bacteriostatic or preservative agents in Water for Injec-
tion. This water must be free of pyrogenic substances as specified
under the Pyrogen Test, U. S. . XIII, page 679.

The N. I, VII described a “Redistilled Water.”” It was deleted
from the N. F. VIII because it served no useful purpose, and was
more or less replaced by “Water for Injection” (U. S. P. XIII).
It has been noted that with a less stringent requirement, the test
for oxidizable substances, formerly in the monograph for “Redis-
tilled Water,”” now appears as a new requirement for “Distilled
Water” (U. s. P. X1II). )

Medicinal Uses.—Water in its several official forms plays an
important part in pharmaceutical and medical practice. The
specification for Water insures water of a reasonable purity for
allaying thirst and for bathing purposes. In addition, when water
is taken internally in large quantities it assists in the elimination
through the kidneys of impurities in the body by its diuretic effect.
In such a capacity, it exercises a decided medicinal influence upon
those conditions caused by perverted metabolism. Distilled Water,
of course, is universally used in prescription work calling for water as
a solvent because of its freedom from chemical impurities. Sterile
Distilled Water is suitable for rinsing surgical incisions, instruments,
etc., and for other topical applications. Water for Injection, as the
name implies, is the vehicle for parenteral injections requiring water

as a solvent.
HYDROGEN PEROXIDE

Formula, H,0,. Molecular Weight, 34.02

History. —ITydrogen dioxide was discovered by L. J. Thenard in
1818 and he designated it as “‘oxygenated water.”” He prepared
it by the action of hydrochloric acid on barium peroxide (1).

(1) BaO, + 21Cl — BaCl, + H;0:
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Occurrence. —Because of its instability, hydrogen dioxide is found
occurring naturally only in very small quantities in air, dew, rain,
and snow.

Physical Properties.— Pure (100 per cent) hydrogen dioxide is a
colorless, astringent, syrupy liquid having a specific gravity of
1.4631 (0° C.). Even at.a temperature as low as 207 C., pure
hydrogen dioxide will decompose slowly.  When heated to 100° C. it
decomposes with explosive violence to form water and oxygen (.2)

It may be scparated with very little decomposition from its aqueous
solutions by fractional distillation under reduced pressure.  When
a concentrated solution (96 per cent) of hydrogen dioxide is cooled
to 10° C., colorless, transparent, ])I‘lbllld.t](‘ crystals separate out.
These crystals melt at —1.7° C.  Cryoscopic determinations show
its molecular weight to be 34.016 and its formula I1.(;. At ordinary
temperatures hydrogen dioxide is miscible in all proportions with
water, alcohol and ether. It is more soluble in ether than inwater
and, therefore, may be extracted from its aqueous solution by
shaking the two liquids in a separatory funnel.

Chemical Properties.— Ilydrogen dioxide in aqueous solution Is a
feeble acid and as such enters readily into double decomposition to
form peroxidates (peroxides or salts of hydrogen peroxide), which
easily become hydrated and appear as crystalline precipitates (3
and 4).

(3) Ba(OH), + 1LO, e 21LO + BaO,
4) BaO, + SO  BaO,.81LO

When powdered metals, manganese dioxide, charcoal or organic
compounds are added to an aqueous solution of hydrogen dioxide,
decomposition into water and free oxygen takes place with the
evolution of 23,100 calories of heat. 'This is due to their catalytic
action. Alkalies and most salts have a similar action upon hydro-
gen dioxide. The fact that hydrogen dioxide contains a large
amount of internal energy and liberates oxygen when it decomposes,
indicates that it is a much more active oxidizing agent than is free
oxygen. Thus, in the presence of dilute aqueous solutions of
hydrogen dioxide, lead sulfide is converted into lead sulfate (5);
iodine is liberated from solutions of hydrogen iodide (6); the hy-
droxides of the alkaline earth metals are converted into hydrated
peroxides (7); and sulfurous acid is oxidized to sulfuric acid (8).
Hydrogen dioxide changes some organic coloring agents into colorless

compounds and, therefore, is used for ing hair, fabrics, ete.

(5) PbS + 4H,0Q, — PbSO, + 4H,0
(7) Sr(OH), + H,0, — SrQ, + 21,0
(8) HzSOa + }]202 hd }12804 + I'Iz()
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Hydrogen dioxide acts also as a reducing agent. Silver oxide is
reduced with a rapid evolution of oxygen (9); potassium perman-
ganate, in acid (1:504) solution, is rapidly changed to manganese
sulfate, potassinm sulfate and oxygen (10); and both hydrogen
dioxide and ozone are reduced when they interact (11). In .gvnvr:ll,
hydrogen dioxide acts as a reducing agent nsually with those metallic
oxides which casily lose all or part of their nx.\';::vn, e g, AgO.

(10) 2KMnO; + 3ILSO; + 5IL.0, — K.SO; + 2MnSO, +
STLO + 50, 1
(] l) II-_;()Q + ()3 - IIJ() + 2()2T

Official Tests for Identity.- 1. When 1 ce. of a solution of hydrogen
dioxide is shaken with 10 ce. of distilled water containing 1 drop of
diluted sulfuric acid, and then 2 ce. of ether and a drop of potas-
sium dichromate test solution added, an evanescent blue color will
appear in the aqueous layer. The color may be transferred to the
ether layer by shaking the liquid and allowing it to stand. When
sulfuric acid acts upon potassium dichromate, dichromic acid and
potassium sulfate are formed (12).

(12) KoC'rO7 4 11,50, — HoCrO7 + KoSO,

The dichromic acid then reacts with the hydrogen dioxide to form a
perchromic acid, thought to have the formula (110),Cr(OOIH); (blue
color). This perchromie acid is more soluble in ether than in water
and in ethereal solution the blue color is much more permanent.

2. When a solution of hydrogen dioxide is added to a mixture of a
diluted tincture of guaiae and malt infusion, a blue color is produced.

3. For characteristic oxidation and reduction reactions of hydro-
gen dioxide, see Chemical Properties, p. 50.

Commercial Manufacture.—T'he commercial manufacture of hydro-
gen peroxide was influenced greatly by World War II. The most
significant progress was not made in methods of synthesis, but
rather in the large seale methods for concentrating hydrogen per-
oxide by distillation under reduced pressure.  Solutions containing
35 per cent of IO, were the highest concentrations available in
commercial quantities previous to the war, but now it is possible
to obtain 80 to 90 per cent concentrations manufactured by methods
developed by German engineers under the stress of the war.  Cer-
tain pre-war technical developments, 7. e., the perfection of corrosion
resistant stainless steels by Krupp and the development of special
resins suitable for gaskets and tubing, made it possible for Germany
to produce highly concentrated peroxide during the war. Because
of the explosive instability of hydrogen peroxide in strong solutions,
previous attempts to produce such solutions in commercial quan-
tities had proved impractical. In addition to finding methods of
concentrating hydrogen peroxide solutions, the Germans also in-
vestigated conditions of storing them. It was found that for
practical purposes, aluminum (at least 99.5 per cent pure) tank
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cars and storage tanks were the best to maiptain maximpm stab_lhty.
For example, 80 per cent peroxide solutions stored in aluminum
tanks under ordinary outside climatic conditions were found to lose
less than 1 per cent of their activity in one year.

Highly concentrated peroxide was of great war-time importance
because of its use as a fuel for jet propelled missiles. At first, high
concentration peroxide was used merely for the superheated steam
and oxygen formed during its decomposition and which was capable
of driving turbines. Later development, however, utilized t'he oxy-
gen with liquid fuel. This type of peroxide-fuel combination was
used for jet propulsion purposes for rockets, etc. Torpedoes and
submarines fueled with hydrogen peroxide had the advantage of
producing no distinguishable line of air bubbles when in motion.

The methods used for the commercial production of hydrogen
peroxide for medicinal and industrial use may be divided into two
major classifications: (1) the non-electrolytic and (2) the electrolytic.

Non-electrolytic hydrogen peroxide is made (1) by the action of
sulfuric or phosphoric acid on hydrated barium peroxide, (2) by
the action of sulfuric acid upon a solution of sodium peroxide,
(3) by reduction and subsequent oxidation of 2-ethyl anthraquinone
and (4) by direct synthesis from hydrogen and oxygen influenced
either by a high-frequency electric discharge or by a suitable
catalyst.

1. Barium peroxide is produced by passing dry air over barium
oxide that has been heated to about 600° C. In order that the
reaction with sulfuric or phosphoric acid can go to completion,
the peroxide is hydrated by a special steam treatment which'gives
a white, crystalline hydrate of the approximate formula, BaO,. 8H,0.
When this is suspended in distilled water contained in a large glass-
lined steel tank and dilute sulfuric or phosphoric acid added,
hydrogen peroxide is liberated and barium sulfate or normal barium
phosphate is precipitated (13) (14). When sulfuric acid is used,
the hydrated barium peroxide is sometimes subjected to a pre-
liminary treatment with hydrochloric acid to effect a more com-
plete reaction. The precipitated barium sulfate (blanc fixe) is
filter-pressed and washed. It is used in the paper industry and
as a pigment. The hydrogen peroxide is distilled and adjusted to
the desired strength by the addition of distilled water.

(13) Ba0..8H,0 + H,SO; — BaS0, 4+ H,0, + 8H,0O
(14) 3B3028H20 + 2H3P04 hd B‘da(l)()4)2 + 3H2()2 + 24H20

2. Higher concentrations of hydrogen peroxide for industrial use
(bleaching) are often made by treating a solution of sodium peroxide
with sulfuric acid (15), removing all but about 3 per cent of the
mineral matter by adding sodium fluoride and cooling to about
—2°C.

(15) Nalz02 + I‘IzSO4 g Han + NagSO4

Although hydrogen peroxide by this method is unfit for medicinal
use, the impurities present do not preclude its industrial use.
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3. Because of shortage of electrical power due to intensive Allied
bombing during the war,! the reduction of 2-ethyl anthraquinone
(16) and the subsequent oxidation (17) of the resultant 2-ethyl
anthranol offered an attractive non-electrolytic peroxide synthesis
to German chemists. ’

(16)
(0] OH
C:Hj .Hj
A A AT
| cne (T
N \l/ AV NN\
(0] ()I}I
2-ethyl anthraquinone 2-ethyl anthranol
17)

OH c (6]
2Hg C.t
NN A
L\:] :] oo | [: (/ + HO:
AN AVAVAVS
o !
While actual production of hydrogen peroxide by this method had
not had time to expand before the end of the war, the method
nevertheless offers a good, non-electrolytic process not requiring
an elaborate setup. The chief disadvantage of this method lies
in the difficulty of removing all organic material from the peroxide
solutions. The presence of this organic material results in a some-
what unstable and dangerously explosive product.

4. The direct synthesis of hydrogen peroxide from hydrogen and
oxygen is a desirable method because the product is exceptionally
pure and labor costs are at a minimum due to automatic operation.
The most important method of direct synthesis is that developed
by the Electrochemische Werke (a German firm) in which hydrogen
and oxygen are made to combine directly under the influence of a
high-frequency electric discharge. The operation is continuous
and is said to require very little attention once it has started.

An interesting method for the preparation of H,0, by direct
combination of the elements H, and (), appeared in a recent patent.?
The synthesis is dependent upon the activity of catalytic surfaces
(particularly tubes with smooth, dense surfaces coated with fused
boric acid or metal borates) which cause the union of H, and O..
Hydrogen and air (approximately 20 per cent ;) are passed through
the heated (520° C.) reaction tube. The following equations (18)
(19) are thought to represent the reactions taking place in this
synthesis.

(18) H + 0, + M — HO; + M + 52 kilocalories (or more)
(19) HO, + H, — H,0. + H — 18 kilocalories

! Axis Manufacture of Hydrogen Peroxide, Chem. Ind., 68, 957, (1946).
2 U, S. Patent 2,368,640; see also J. Chem. Ed., 22, 286 (1945).
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M is any third molecule in the gas phase or surface of the reaction
vessel. )

Electrolytic hydrogen peroxide is prepared (1) by the eleqtrolysns
of sulfuric acid to persulfuric acid which is hydrolyzed to yleld.the
product and (2) by the electrolysis of ammonium bisulfate solutions
to ammonium persulfate which may be treated in various ways to
yield hydrogen peroxide. )

1. In this process sulfuric acid is oxidized anodically to persulfuric
acid, H;S,04, (20) which, in turn, is hydrolyzed to hydrogen per-
oxide and sulfuric acid (21).

(20) 2I’IQSO4 b d H282()3 + IIQ

2. A more usual way is to mix ammonium sulfate and sulfuric
acid in the proportions to form ammonium bisulfate (22) and
electrolyze the cold solution to form ammonium persulfate (23) at
the anode.

(22) (NH,):S504 + H,S04 — 2NH, SO,
(23) 2NII4}ISO4 b (NH4)28208 + I"Ig

The ammonium persulfate that is formed is usually treated in one
of three ways to yield hydrogen peroxide.

(¢) It may be reacted with potassium bisulfate (24) to form
relatively insoluble potassium persulfate which can be hydrolyzed
by live steam to yield hydrogen peroxide and potassium bisulfate
(25), the vapors being condensed and rectified to obtain the hydro-
gen peroxide.

(24) (NH,)2S:05 4+ 2KISO, — K805 + 2NILITSO,

(b) The ammonium persulfate may be treated with sulfuric acid
and distilled at reduced pressures to give a distillate of water and
hydrogen peroxide (26) (27).

(26) (NH,):S:05 + H:S0, — H:S,05 + (NI,),S0,
(27) HzSzOg + 2H2() had 2H2SO4 + 11202

(¢) According to the Kufstein procedure hydrogen peroxide may
be distilled directly from the ammonium persulfate solution (28).

(28) (NH,):S:05 + 2110 — 2NIHLHSO, 4+ H;0,

All of the foregoing procedures, non-electrolytic and electrolytic,
produce a solution of hydrogen peroxide which may be concentrated
by distillation under reduced pressure in a suitable apparatus to
produce concentrations up to 90 per cent H,0,.

Laboratory Preparation.—Introduce 3 Gm. of hydrated barium
peroxide into an Erlenmeyer flask and add 50 cc. of cold distilled
water in divided portions, shaking the flask after each addition.
Agitate the mixture frequently for one-half hour. In another flask
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dilute.l cc. qf pho§phoric acid with 25 cc. of distilled water and cool
the mixture in an ice-bath. Now add small portions of the suspen-
sion of hydrated.barlum peroxide to the dilute acid solution, keep
the mixture cold in an ice-bath and shake it well after each addition.
Allow the precipitate to settle, decant the supernatant liquid by
means of a glass syphoning tube and filter the remainder. To the
filtrate add diluted sulfuric acid drop by drop as long as any pre-
cipitate forms. Mix sufficient starch with the liquid to make it
appear milky, shake it well and filter rapidly. Collect the filtrate
in a bottle of suitable size and stopper immediately.

Note.—Because of difficulties in filtering the large volumes of
precipitate formed when an official 3 per cent peroxide is made in
small quantities, this method gives a solution approximately one-
tenth the strength of the official.

Pharmaceutical Preparations and Uses.-—1. [ydrogen Peroxide
Solution (Liquor Hydrogenii Peroxidi, ITydrogen Dioxide Solution),
U, S, P XTI, 1s an aqueous solution containing, in each 100 cec.,
not less than 2.5 Gm. and not more than 3.5 Gm. of ILO,. It is
a colorless liquid, odorless or having an odor resembling that of
ozone. The solution, when free from impurities, keeps fairly well.
A trace of frec acid and acetanilid increases its stability by catalyti-
cally retarding its decomposition. When exposed to the air at
ordinary temperatures or when heated on a water-bath at a tem-
perature not exceeding 60° C., the solution loses chiefly water.
In this way the solution may be concentrated so as to contain 50 per
cent by volume of hydrogen dioxide. When rapidly heated, it
frequently decomposes suddenly.  Because of impurities in the
reacting substances used in the manufacture of solutions of hydro-
gen dioxide, the U. S. Pharmacopeeia X111 specifies that the official
solution be practically free from arsenic, barium and heavy metals.
The amount of non-volatile matter is litnited to 0.15 Gm. in 100 cc.
of the solution; the free acidity in 100 cc. must not exceed an
equivalent of 10 cc. of tenth-normal sodium hydroxide solution;
and the preservative (usually acetanilid) must not exceed 50 mg.
per 100 cc. of solutoin. This solution is used as an antiseptic
because of the active liberation of oxygen when it comes in contact
with organic material (e. g., pus and blood). The foaming caused
by the liberation of O mechanically cleanses wounds by dislodging
fixed bacteria, particles of dirt, ete. This mechanical «ction rather
than its chemical antisepsis is its important function, since the
period of contact of oxygen with the bacteria is too short to bring
about an effective oxidizing action, and I1LO: itself is only feebly
antiseptic. The 3 per cent solution is also used in treating Vincent's
stomatitis, the undiluted solution being used as a mouth wash
several timmes daily. Continued use may cause a condition known
as “hairy tongue” (hypertrophied filiform papille), which disap-
pears on discontinuation of the medication. It is also a chemical
antidote for cyanide and phosphorus poisoning through oxidation of
the poisonous materials to more or less harmless oxidation products.
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2. Stro solutions of hydrogen peroxide are used as hair
bleaches, fabric bleaches, etc. They are particularly desirable
because of the harmless nature of the reaction products. Usually
a 6 per cent solution (20 volume) is considered adequate as a hair
bleach. A small amount of dilute ammonia solution is usually
combined with the peroxide for hair application to soften the hair
and hasten the bleaching process.

Solutions of hydrogen peroxide are frequently said to be of a
certain “volume” strength (z. e., 10 volume, 20 volume, etc.).
Ordinary 3 per cent hydrogen peroxide solution is a 10 volume
peroxide, 6 per cent peroxide is 20 volume, etc. A common com-
mercial strength is 100 volume or 30 per cent hydrogen peroxide.
The volume specification is based on the number of cubic centi-
meters of oxygen, measured at standard temperature and pressure,
liberated by 1 cc. of the peroxide solution when decomposed (2).
Thus, if 1 cc. liberates 10 ce. of oxygen it is a 10 volume peroxide, etc.



CHAPTER 1V
NITROGEN, NITROUS OXIDE, AND AMMONIA
. NITROGEN

Symbol, N. Valence, 3 and 5. Atomic Weight, 14.008.
Atomic Number, 7

History.— In 1772, Dr. D. Rutherford of Edinburgh, observed
that when oxygen was removed from air there remained a gas which
was incapable of supporting either combustion or respiration. In the
published results of his work, he designated this gas as “mephitic
air.”  Scheele was the first to understand the true nature of the
principal gases composing the atmosphere. Ile showed that one
gas (oxygen) supported combustion and respiration and that the
other (nitrogen) did not. Lavoisier proved conclusively the cor-
rectness of Scheele’s findings, and he named the inert gas azote
from the Greek meaning “without life.”  Because this element was
found to be a constituent of saltpeter, Chaptal proposed the name
nitrogen, from the Greek, wrpoy, niter, and yewéw, I produce, and it
was generally accepted. In 1894, Rayleigh and Ramsay showed
that atmospheric nitrogen was in reality an admixture of nitrogen
and slightly over 1 per cent of inert gases.

Occurrence. —Nitrogen constitutes approximately 79 per cent by
volume of the atmosphere. Iree nitrogen is found in some natural
waters. Spectroscopic observations have shown it to be present
in certain nebule and probably in the sun. In combination with
sodium and oxygen, it occurs in Nature in enormous quantities as
Chile saltpeter.  When united with hydrogen, it forms ammonia
(free or combined) and, in organic combination as protein, amino-
acids, etc., it is an integral part of animal and vegetable tissues and
liquids. Tt is invariably present in soil, wherein nitrogen compounds
are formed by the action of nitrifying bacteria.

Physical Properties.— Nitrogen is a colorless, tasteless and odorless
gas. Its density is 0.9682 (air = 1). One liter of nitrogen at 0° C.
and 760 mm. weighs 1.2506 Gm. Nitrogen can be liquefied; the
critical temperature being —147.13° C. and the criticai pressure
33.49 atmospheres. It forms a colorless liquid, boiling at —195.8° C.
and a white solid melting at —209.8° C. Under standard conditions
(0° C. at 760 mm.), 2.3 volumes of nitrogen dissolve in 100 volumes
of water.

Chemical Properties.—Nitrogen is a very inert gas. Like hydro-
-gen, it may be activated by high voltage discharges at low pressure
or by subjecting the gas at normal pressure to a silent electrical
discharge. It will neither burn nor support the combustion of

ordinary combustibles. At high temperatures, it combines directly
(63)
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with Li, B, Si, Ba, Ca, Sr and Mg to form nitrides. Th.us, when
magnesium ribbon is burned in air, the white powder that is formed
is composed of large quantities of magnesium oxide (MgO) and
smaller quantities of magnesium nitride (Mg;N»). The latter com-
pound may be detected by moistening the ash with water and testing
the evolved gas with moistened litmus paper (red). The paper is
turned blue by the ammonia produced by the hydrolysis of the
nitride (1).

(1) MgN, + 6H.0 — 3Mg(OH), + 2NII, ]

When the rare earth metals are mixed with magnesium and heated
in a current of nitrogen, nitrides are produced.

Nitrogen forms six oxides: Nitrous oxide, N:O) (. 2.); nitric
oxide, NO; nitrogen trioxide, N.Oq; nitrogen dioxide, NOs; nitrogen
tetroxide, N:O,; and nitrogen pentoxide, N.O;. It slowly and
difficultly combines with hydrogen to form ammonia, NI, hydra-
zine, N.Ily, and hydrazoic acid, N;H. Chlorine unites with it to
form a very volatile, oily, vellow substance (N : Cly), which has a
very pungent smell, powerful lachrymatory propertics, and is a
most dangerous explosive. The corresponding iodine compound
has been prepared.

Commercial Manufacture.—Nitrogen may be obtained experimen-
tally by (1) removing the oxygen from the atmosphere or (2) by
decomposing compounds in which it occurs.

The first may be accomplished by:

1. Burning phosphorus in a confined volume of air. The phos-
phorus combines with the oxygen of the air to form phosphorus
pentoxide, P,0;. 'The gas remaining in the container is nearly pure
nitrogen.

2. The action of an alkaline solution of pyrogallol on air. An
alkaline solution of pyrogallol energetically absorbs oxygen from
the air, turns brown, and finally decomposes into carbon dioxide,
acetic acid, and brown substances. Nitrogen is unaffected by the
pyrogallol solution.

3. Passing air over red-hot copper filings. Copper at red heat
combines with the oxygen of the air to form copper oxide, whereas
the nitrogen is\)maﬁ'ected and passes on into a reservoir.

It may be obtained from some of its compounds in the following
ways:

1. By heating a slightly acidulated solution of ammoninm ni-
trite (2).

(2) NHUNO, | — N, 4 2H.0 or NH; + HNO, — N, T + 21,0

2. By heating a mixture composed of concentrated solutions of
sodium nitrite and ammonium chloride (3).

(3) NILCI + NaNO, &2 NaCl + NH,NO, (decomposed ac-
cording to equation 2)
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3. By the action of chlorine or bromine upon ammonia or ammo-
nium hydroxide (4).

(4) 2NH; + 3Cl, — N, + 6HCI

4. By heating ammonium nitrate with ammonium chloride and

passing the evolved gases through a solution of sodium hydroxide
to absorb the chlorine (5).

(5) 4NILNO; + 2NIILClI — Cly + 12H,0 + 5N,

5. By passing ammonia gas over heated copper oxide (6).
(6) 3CuO + 2NII; — 3Cu + 31,0 + N,

6. By oxidizing ammonia with a hypochlorite (7).
(7) 3NaOCl 4+ 2NH; — 3NaCl 4+ 3H,0 + N,

For the production of quantities sufficient for industrial use (man-
ufacture of cyanamid, etc.) it is made by (1) fractional distillation
of liquid air; (2) the fractional separation by liquefaction of pro-
ducer gas which contains about 67 per cent of nitrogen; (3) by
catalytically oxidizing the CO in producer gas to CQOy; (4) by
decomposing ammonia into Il; and N; by passage over heated iron
and then liquefying the nitrogen.

Nitrogen Fixation.— Nitrogen is a necessity for the development
of living plants. Plants do not have the power of fixing atmospheric
nitrogen as they do oxygen and, therefore, must obtain it from
nitrogenous compounds formed in the soil mainly by the action of
nitrifying bacteria. Because these compounds are essential to plant
life, it is necessary to replace them as they are extracted from the
soil; hence the use of nitrogenous manures or artificial fertilizers
containing soluble nitrates. The enormous demands made upon the
niter deposits have brought about the realization that eventually
these natural sources of nitrogen will be used up. The attention
of chemists has turned to the development of processes for the
fixation of atmospheric nitrogen in order to establish an independ-
ence of the rapidly diminishing natural sources of nitrates and also
for economic reasons. Combination of nitrogen, obtained directly
or indirectly from the air, can be effected by forming '1) oxides of
nitrogen and nitric acid, (2) ammonia, (3) decomposable nitrides,
(4) cyanides, (5) cyanamides, and (6) urea.

1. Birkeland-Eyde Process.—K. Birkeland and S. Eyde devised
a process which has been worked on a large scale at Notodden and
elsewhere in Norway. An electric arc is produced in a specially
constructed furnace by passing an alternating current of about
5000 volts equatorially between the poles of an electromagnet,
thereby forming what is practically a disk of flame 6} feet in diam-
eter and having a temperature of about 3000° C. (5432° F.). Air is
blown through the flame in such a way that all of it comes in contact
with the heated area, wherein the oxygen and nitrogen combine to

5
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form nitric oxide (NO) (8). The air (containing about 2 per cent
of NO) coming from the furnace is rapidly cooled in boilers and
aluminum-tube coolers until it reaches ordinary atmospheric tem-
perature. Then it is passed into large open towers constructed of
quartz slabs, where the nitric oxide formed in the arc is oxidized to
NO; (9) which polymerizes to N:(;. The nitrogen tetroxide is led
into a series of absorption towers where it meets a descending
current of water or dilute nitric acid and is changed into nitric
acid (10). The final solution contains between 30 and 35 per cent
of HNO;. The unabsorbed gases, weak in oxides of nitrogen, are
usually passed into an additional series of iron absorption towers.
Here they meet a counter current of soda (Na,CQj) solution with
which they form sodium nitrate and some sodium nitrite (11).
These compounds are recovered as such. It is also a common
practice to pass the weak gases into milk of lime, thus forming basic
calcium nitrate, which may be used as a fertilizer. The reactions
taking place may be represented as follows:

(8) Ny 4+ O, + 43,000 calories — 2NO (at a temperature of
3000° C.)
(9) 2NO + O, — 2NO; (at a temperature less than 154° C.)
(10) 3NO, + H:0 — 2HNO; + NO (at ordinary temperatures)
(11) 2NO, + H,O = HNO, + HNO,

In the Badische Analin und Soda Fabrik method (Schénherr
Process), the arc, which is said to be over 30 feet in length, is formed
in a long tube and a stream of air is injected spirally, thus exposing
every part of it to the electrical discharge.

2. The Serpek Process.—In this process bauxite (impure alumi-
num oxide) is mixed with coke and heated to a temperature of
about 1800° C. in an electrical furnace through which nitrogen,
obtained in one of the usual ways (p. 65) is being passed (12).

(12) 2ALO; + 6C + 2N, — 4AIN + 6CO 1

The crystalline aluminum nitride so formed is treated with steam
under pressure. Ammonia and a pure form of aluminum hydroxide
is produced (13).

(13) AIN + 3H,0 — NH,T + AI(OID),

The hydroxide is then ignited to form a white amorphous powder
of the oxide (14).

(14) 2A1(OH); — ALO; + 3H,0

The ammonia may be absorbed in water, oxidized to nitric acid,
or used in liquefied form for refrigerating purposes.

3. The Bucher Process.—In 1917, Prof. J. C. Bucher of Brown
University, succeeded in making sodium cyanide and a ferrocyanide
by passing producer gas through a heated tube filled with briquets
made of soda ash, iron and coke. At the high temperature, and in
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the presence of the catalyst (iron), the nitrogen contained in the
producer gas reacts to form sodium cyanide and the carbon is
burned off as carbon monoxide (15).

Aside from the many industrial uses of sodium cyanide, it may be
converted into ammonia by hydrolysis.

4. The Frank and Caro Cyanamide Process.—This process depends
upon the fixation of nitrogen as calcium cyanamide by means of
calcium carbide. Tirst, calcium carbide is made in any one of
several types of electric furnaces. In the Horry type, which is a
continuously operating furnace, finely powdered lime is mixed with
powdered coke and charged into a drum equipped with carbon
electrodes. The drum makes one complete revolution in about
two days. The resistance of the material to the clectric current
raises the temperature of the physical mixture to the point where
the following chemical reaction takes place (16).

(16) CaO + 3C — CaC, + CO 1

Liquid carbide (M. P. about 2000° C.) collects at the base, cools,
and solidifies. In about a day it has reached the opposite side of
the drum and can be removed without interrupting the operation.

The calcium carbide thus produced is finely ground in tube mills
under an atmosphere free from moisture and oxygen, and placed
in large iron drums. The charge is heated electrically, a centrally
located carbon rod serving as one electrode and the container as
the other. The nitrogen is turned on and is absorbed so rapidly
by the hot carbide that the evolved heat is sufficient to keep the
mass at the reaction temperature (about 1100° C.) and, therefore,
the carbon rod is withdrawn (17). The resulting dark gray mass
is composed of calcium cyanamide (about 60 per cent) and carbon
and is known as nitro-lime. This is sprayed with only enough cold
water to decompose any excess calcium carbide (18), then mixed
with a solution of sodium hydroxide and treated with steam in an
autoclave or pressure digester under a pressure of from 3 to 4 at-
mospheres (19).

(17) CaCy + Ny =2 Ca:N.C:N 4+ C
(18) CaCy 4+ 2H,) — Ca(OH), + C.H, (acetylene)
(19) Ca:N.C:N 4 31O — CaCO, + 2NH;

The evolved ammonia is absorbed by water or it is converted into
ammonium nitrate. The sludge is freed of dissolved ammonia by
blowing steam through it.

5. The Haber Process.—The synthesis of ammonia from its con-
stituent elements is one of the most important methods of nitrogen
fixation (see p. 72).

If it is desired to use the nitrogen, fixed as ammonia, for the
production of nitrates, it is necessary to first convert the ammonia
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into nitric acid. This is accomplished by means of the Ostwald
Process, whereby ammonia is mixed with air (21 per cent of oxygen),
the mixture heated and rapidly passed through a fine wire gauze of
activated platinum raised to a glowing heat. Better than 95 per
cent of the ammonia is oxidized to NO, and then to NO: (20, 21, 22),
which is absorbed by water to form nitric acid.

(20) 4NII, + 50, — 4NO + 6ILO
(21) 4NO + 20, — 4NO,
(22) 3NO, + 11O — 21INO; + NO

The nitric acid so formed may be used as such or converted into
sodium nitrate, calelum nitrate, ete.

Uses.— Elementary nitrogen is used principally in connection with
nitrogen fixation. 'The Haber process for ammonia production uses
the largest amount. Considerable quantities of nitrogen are also
used in the eyanamide process.

Inorganic nitrogen consumption in the United States has expanded
considerably in recent years, and it is difficult to conceive of a pos-
sible shortage in the future for agricultural needs. 'The following
table supplies an idea of our growing nitrogen needs:

1940 1941 . . 405,000 short tons
1941-1942 . . 350,000 short tons
1942-1943 . .. 431,000 short tons
1943 1944 . .. 605,000 short tons
1944 19t . . . . 675,000 short tons
1945-1946 . . . . . 699,000 short tons

Nitrogen is used in smaller quantitics when a chemical process
requires an inert atmosphere as in some organic chemistry reac-
tions and in the assay for carbon monoxide in oxygen. Mercury
thermometers that are intended for use at elevated temperatures
>200° have the space above the mercury column filled with nitro-
gen to decrease the evaporation of the mercury and to prevent its
oxidation. Electric light globes filled with nitrogen are now in
general use, thus giving longer life by reducing the volatilization
of the tungsten filaments. Cod-liver oil and castor oil are often
packaged with a nitrogen atmosphere above the oil to retard oxida-
tion (and consequent rancidity) during storage.

*/ NITROUS OXIDE
Nitrous Oxide, U. S. P. XIII
Formula, NO. Molecular Weight, 44.02

History. — Nitrogen monoxide or nitrous oxide was first made in
1772 by J. Priestley. He obtained it by the action of nitric oxide
(NO) upon moist iron filings. While studying the physical and
chemical properties of this gas, he observed that ignited substances
burned in it with greater luminosity than in the atmosphere. In
1800 Sir H. Davy, who determined its composition, observed that
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the gas pr()guced exhilarating cffects when inhaled, hence its com-
mon name ‘“laughing gas.”

.Physical Properties.-- Nitrous oxide is a colorless gas, having a
slight, characteristic odor. Its aqueous solutions have a somewhat
sweetish taste. Its specific gravity is 1.530 (air = 1). One liter
of the gas at 0° (. and one atmosphere pressure weighs 1.9778 Gm.
and it is readily soluble in water at low temperatures. Under normal
pressure 100 volumes of water dissolve about 180 volumes of the
gas at 0° C., in about 67 volumes at 20° C., and in about 59.4 vol-
umes at 25° C. One volume of nitrous oxide dissolves in about
1.5 volumes of water under normal pressure at 20° C. Tt is about
three times more soluble in alcohol than in water, and readily
dissolves in ether and in oils.  The gas may be liquefied to a thin,
mobile, colorless liquid boiling at —89.5° . When it is further
cooled, white crystals melting at —102.4° (. separate out.

Chemical Properties.— Nitrogen monoxide is not inflammable but
it supports the combustion of many substances almost as well as
oxygen. It supports the combustion of a glowing splinter of wood
and phosphorus and sulfur burn in it. Metals do not rust in
nitrous oxide. The hemoglobin of the blood is unable to use it as a
source of oxygen.

Official Tests for Purity.— The U. S. Pharmacopeeia requires that
carbon dioxide, halogens, acids or alkalics, reducing substances, and
oxidizing substances be either absent or limited in amount.

Note.--Cylinders containing Nitrous Oxide must be kept at a tem-
perature of 25°, =2°, for at least six hours before the Nitrous Oxide s
withdrawn for the following deterniinations.  Gas volumes for the fol-
lowing tests and assays are to be corrected to a pressure of TG0 mm.
and a temperature of 25°.

For an explanation of the tests for purity see the discussion under
Carbon Dioxide.

Nitrous Oxide contains not less than 95 per cent by volume of N;O
and is supplied in tight metal cylinders.

Commercial Manufacture. — Ammonium nitrate, which is absolutely
free from chlorides and other impurities, is gradually heated to
about 200° C. in aluminum retorts. At this temperature decom-
position into nitrous oxide and water begins (1).

(1) NH.NO; ﬁ;—; ALO + N.O T

The temperature is then slowly raised to 240° C. This tempera-
ture should not be excceded lest the nitrous oxide becomes con-
taminated with nitrogen, ammonia, and other oxides of nitrogen.
The gas is cooled in a condenser, washed with sodium dichromate
solution to remove nitric oxide, with a solution of sodium hydroxide
to take out the nitric acid, and lastly with water. It is then com-
pressed in steel cylinders under a pressure of about 100 atmospheres.

Pharmaceutical Preparation and Uses.—1. Nitrous Oxide (Oxidum
Nitrosum, Nitrogen Monoxide), U. S. P. XIII.—Nitrous oxide con-
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tains not less than 95 per cent by volume of N:O. Nitrous oxide
is used to produce conditions of analgesia and anesthesia. In order
to prevent shock, the nitrous oxide is usually mixed in a common
reservoir with approximately 4 per cent of oxygen and administered
to the patient for one minute. The oxygen is then cut off and pure
nitrous oxide given for forty seconds additional, when complete
anesthesia usually results.

+ AMMONIA

Formula, NH;.  Molecular Weight, 17.03

History.— An aqueous solution of ammonia was prepared during
Geber’s time (eighth century) by destructively distilling the hoofs
and horns of animals and absorbing the gas in water. The solution
was called “spirit of hartshorn.” In 1756 Black differentiated
between ammonia and ammonium carbonate. Priestley was the
first to obtain almost pure ammonia and he called it “alkaline air.”
Berthollet determined its composition in 1803.

Physical Properties.— Ammonia is a colorless gas having a strong,
pungent, characteristic odor. It is about one-half as heavy as air,
having a specific gravity of 0.589 (air = 1). One liter of ammonia
weighs 0.7710 Gm. The gas may be liquefied either by subjecting
it to intense cold (—60° C.) or by cooling it to about 10° C. and
increasing the pressure to 6.5 or 7 atmospheres. Liquid ammonia
boils at —33.35° C. and the white crystals of solid ammonia melt at
—77.7°C. Liquid ammonia is a good solvent and ionizing medium.

One cubic centimeter of water at 0° C. dissolves 1298.9 volumes
of ammonia, and at 15° C. 1 cc. of water dissolves 727 volumes of
the gas. Its solutions are lighter than water. It is also soluble in
alcohol and ether. All of the gas may be expelled from its solutions
by boiling. Aminonia exists in aqueous solution mainly in the
form NH;, only a small amount reacting with water to form NH,OI.

NI; + HOH = NH,0HI

For all practical purposes, however, ammonia water may be con-
sidered as containing NH,OH.

Chemical Properties.—At low temperatures ammmonia is stable. At
red heat and by the action of an electric spark, it is completely
decomposed into hydrogen and nitrogen. The reaction is revers-
ible (1).

(1) 2NH, = 3H, + N,

The gas does not burn in air, but in oxygen it burns with a yellow-
ish flame forming nitrogen, nitric oxide and ammonium nitrite.

Heated ammonia is an active reducing agent.

Heated oxides of many metals are reduced when ammonia is
passed over them (2).
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However, when a mixture of ammonia and air is heated in the pres-
ence of a catalyst (platinum), the ammonia is oxidized to water
and oxides of nitrogen which combine to form nitric acid.

When a current of either chlorine or bromine vapor is passed into
a flask containing ammonia, the halogen catches fire and free nitro-

gen and ammonium chloride or ammonium bromide are formed
(3 and 4).

(3) 2NH; + 3Cl, — N, 1 + 6HCI
(4) NH; + IICI — NILCI (white)

When lithium, calcium, magnesium or boron are heated in a
stream of ammonia gas, hydrogen is evolved and the respective
nitride formed (5).

(5) 2NH; + 3Mg — MgN, 4 3H,
These nitrides are solids and are easily hydrolyzed by water to
ammonia (6).

Sodium and potassium replace only part of the hydrogen of ammonia.
T'he resulting compounds are known as amides (7).

(7) 2Na + 2N1; — 2NaNI1I, + H,

Sodamide, like the nitrides, yields ammonia upon hydrolysis (8).
(8) NaNll, + H,O — NII; T + NaOll

Ammonia combines with acids to form ammonium salts (q. v.), (9).
(9) NII; (gas) + IICI (gas) — NILCI (solid)

The action of strong bases will liberate ammonia from its com-
pounds (10).

(10) NH,CI 4+ NaOIl - NH; T + H,O + NaCl

Ammonia of crystallization does occur with some compounds
such as CaCly. 8NH;.

Ammonia reacts with active chemical groups in a way similar to
that of water. Phosgene with water results in the formation of
carbonic acid and hydrogen chloride. Such a reaction is known as
hydrolysis (11). An analogous reaction with ammonia is called

ammonolysis (12).
cl OH
ano=c{ +2MH0 — 0= c{ _+2HCl
cl OH

cl NH,
(12 0 = ¢{_ +2lINH, — O = c{ 4 2HCI
Cl NH.

Urea
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Ammonia readily forms soluble complex ions with certain lpetals
namely Ag, Cu, Zn, Cd, Ni, and Co. A common example is the
formation of the complex silver-ammonia ion when AgCl (insoluble)
is treated with ammonia in excess (13).

(13) AgCl + 2NII; = Ag(NHy),+ + CI-

Official Test for Identity.—When ammonia (NII;) is present in
colorless solutions it may be detected with Nessler's Reagent.  When
2 cc. of alkaline mercuric potassium iodide T.S. are added to an
aqueous solution containing ammonia a deep yellow color is pro-

duced (14).

(14) NH; + 2K.1gly + 3KOH — NILIHg.O + 7K1 + 2H,0
Yellow

, Commercial Manufacture.—Ammonia is produced at the present
time almost exclusively by the Haber Process or some modification
of it. The wash-waters of the gases obtained by the destructive
distillation of coal (production of coke and illuminating gas) are
also a source of ammonia. Ammonia, as a constituent of crude
illuminating gas combines in part with various other impurities
to form salts, e. g., the carbonates, NILIICO;, (NIIy).COs, etc.;
sulfides, NH,HS, (NH,),S, etc.; cyanide, NH,CN; chloride, NH,Cl;
and sulfate, (N114),50s. The water condensed in the hydraulic
main contains a considerable quantity of so-called fixed ammonium
compounds (ammonium chloride, sulfate, etc.) whereas the water
condensed in the cooler parts of the condensing system contains a
high “volatile-ammonia” content. In most gas works, the mixture
composed of gas-condensate and scrubber-water will have an
ammonia content of about 3 per cent by weight. This ammoniacal
gas liquor is first concentrated to 16 per cent ammonia and shipped
in tank cars to ammonia refineries.

The Haber Process.—The synthesis of ammonia from its con-
stituent elements has been a commercial success for a number of
years. When nitrogen and hydrogen are mixed in volume propor-
tions of 1 to 3 and the mixture under high pressure (200 atmos-
pheres) passed through a catalyst heated to about 550° C., they
unite to form ammonia. The nitrogen for this process is obtained
from producer gas, which is composed essentially of two volumes of
nitrogen and one volume of carbon monoxide; and water gas, con-
sisting of about equal volumes of hydrogen and carbon monoxide,
is the usual source of the hydrogen. The mixture of water gas
and producer gas is mixed with steam and passed through a hot
catalyst. Here the carbon monoxide is oxidized to carbon dioxide
and additional hydrogen is produced. At this point the volumes
are adjusted so as to give a ratio of 1 of nitrogen and 3 of hydrogen,
and the mixed gases, under a pressure of about 50 atmospheres,
are scrubbed with water and finally with a solution of caustic soda
to remove any remaining carbon dioxide. The pressure is then
stepped up to 200 atmospheres, the gases scrubbed with ammoniacal
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copper formate to remove carbon monoxide and passed on to the
catalyzing elements. The catalyst is said to be a mixture of metallic
oxides, e. g., Fe;04, I'e,0y, and ALO,, containing about 1 per cent
of K;O. 'The gases leaving the catalyzing element contain about
8 per cent by volume of ammonia, which is cooled and absorbed
in water. The uncombined nitrogen and hydrogen are dried and
again passed through the apparatus. The reaction taking place
may be represented as follows (15): '

(15) N, 4 311, & 2NII; + 2 X 12,200 calories

"This reaction is reversible and exothermal. At low temperatures
no union occurs, whereas at 700° . any ammonia produced is
entirely decomposed.  Therefore, the combination must take place
under pressure and at approximately 500° C., at which temperature
about 8 per cent of the gases (hydrogen and nitrogen) combine in
the presence of a catalyst to form ammonia. The combination is
accompanied always by a decrease from 4 to 2 volumes of gas. The
ammonia may be recovered casily from the ammonia water in con-
tinuously operating stills and then, if desired, it may be liquefied.
In this physical state it may be used for refrigeration or other
purposes. Modifications of this process are: the General Chemical
which employs about 100 atmospheres; the Casale uses about
700 atmospheres; and the Claude about 1000 atmospheres. At
the higher pressures the ammonia yields are considerably higher
and it can be removed directly as liquid amnmonia.

Pharmaceutical Preparations and Uses.—1. Strong Ammonia Solu-
tion (Liquor Ammonie Fortis, Stronger Ammonia Water, Stronger
Ammonium Iydroxide Solution), U. 8. P. XIIL.- -Strong Ammonia
Solution is an aqueous solution of ammonia (NH;) containing not
less than 27 per cent and not more than 29 per cent of NII,. This
solution deteriorates rapidly in open containers.

Caution.— Great care should be used in handling Strong Ammonia
Solution because of the caustic and irritating properties of its vapors.
Before the container is opened it should be well cooled and the closure
covered with a towel before removal.  Strong Ammonia Solution must
never be tasted nor its vapors inhaled.

Strong Ammonia Solution is a colorless, transparent liquid, hav-
ing an exceedingly pungent, characteristic odor, and a very caustic
and alkaline taste. It is strongly alkaline to litmus und has a
specific gravity of 0.90.

Commercial Manufacture.— Strong ammonia solution is prepared
by passing ammonia gas into cooled water until the water is satu-
rated with ammonia (NIIs).

Laboratory Preparation of Diluted Ammonia Solution.— lace 72.6 Gm.
of ammonium sulfate in a flask provided with safety tube and outlet.
In another dish slake 31 Gm. of lime and add sufficient water to
make a milk of lime. Add the milk of lime to the ammonium sulfate
and immediately connect the outlet with a tube, one end of which
extends to the bottom of a cylinder containing 200 ce. of cold,
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distilled water. Gently heat the flask containing the reaction mix-
ture, so as to obtain a steady and not too rapid evolution of ammo-
nia (16). The absorption cylinder may be kept cool by standing it
in a jar filled with cold water. The entire apparatus should be
erected under a ventilating hood. When the evolution of ammonia
has ceased, determine the degree Baumé of the product, and from
this calculate the per cent by weight of ammonia.

(16) (NH).S0, + Ca(OH), — 2NTI; 1 + 2H,0 4 CaSO,

At or below the temperature —79.3° C., ammonia chemically
combines with water to form a white, solid ammonium hydroxide.
Ammonium hydroxide (solid) dissociates at temperatures above
that previously mentioned, hence it is available only in the form of
its solution. In a normal solution (about 1.7 per cent) only 0.4 per
cent of ammonium hydroxide is dissociated into ammonium ion
(NH*) and hydroxide ion (OH~). The remainder of the ammonia
is present in the solution as free aminonia, as undissociated ammo-
nium hydroxide, or as traces of ammonium oxide (NII;);0. When
hydronium ions (from HCI for example) are introduced into the solu-
tion, the equilibrium is disturbed by the union of hydroxide ions
with hydronium ions to produce water, and the ammonium ions and
chloride ions unite to form ammonium chloride. As rapidly as
water is formed by the hydroxide ions uniting with hydronium ions,
more ammonium hydroxide dissociates into its cation and anion,
and concurrently more ammonia combines with water to form undis-
sociated ammonium hydroxide. This effort to reéstablish an ionic
equilibrium continues until the reaction is complete (17) and (18).

(17) NH; (gas) =2 NH; (solution) + 11O & NH,OH < NI+ +
OH-
(18) NH+ + OH- + H,0t + Cl- — NIILCI + 2ILO

The weak basic property of an aqueous solution of ammonium
hydroxide is due to the presence of relatively few OIT-, produced by
the slight dissociation of ammonium hydroxide into NH,*+ and OIl-.

The quantity of NILLOH is very small in relation to the quantity
of ammonia (NH;) in an aqueous solution of ammonia. Ina 0.1 M
solution of ammonia (NH;) the molar concentration of OH jons
is approximately v that of the concentration of ammonia (NH;).

On account of its ability to unite directly with acids, an aqueous
solution of ammonia is used in the manufacture of ammonium salts
(g. v.). Itisalso used in the manufacture of sodium bicarbonate
(g- v.), nitric acid (g. v.), etc.

2. Diluted Ammonia Solution (Liquor Ammonie Dilutus, Am-
monia Water, Diluted Ammonium Hydroxide Solution), U. S. P.
XIII.—Diluted Ammonia Solution is a solution of NH; containing
in each 100 cc. not less than 9 Gm. and not more than 10 Gm. of
NH;. This solution deteriorates rapidly in open containers.

It is a colorless, transparent liquid, having a very pungent,
characteristic odor. It turns red litmus paper blue and has a



AMMONIA 5

specific gravity of 0.96. Gaseous hydrogen chloride near the mouth
of a bottle containing diluted ammonia solution produces dense
white clouds of ammonium chloride.

“Spirit of Hartshorn”’ (10 per cent ammonia in water) was origin-
ally prepared by destructively distilling the horns of small deer and
passing the gases (NH;) into water.

Commercial Manufacture.—Diluted ammonia solution may be
prepared by the method used for strong ammonia solution or by
diluting the strong ammonia solution according to the directions of
the U. S. P. XIII. Sufficient distilled water is added to 398 cc. of
strong ammonia solution to make 1000 cc.

3. Adromatic Ammonia Spirit (Spiritus Ammonie Aromaticus),
U, 8. P, XIIL—(See p. 269.)

4. Ammoniated Guaiac Tincture (Tinctura Gualaci Ammoniata),
N. F. VIII.—Aromatic Ammonia Spirit is used as a menstruum.
The resins present in guaiac are acidic in nature and form soluble
and stable compounds with the alkaline ammonia. Average dose—
2 cc. (approximately 30 minims).

5. Ammonia Lintment (Linimentum Ammonie, Volatile Lini-
ment, Hartshorn Liniment), N. F. VIII.—Oleic acid (10 cc.) is
mixed with sesame oil (740 ce.) and when diluted ammonia solution
(250 cc.) is added ammonium oleate is formed. The soap thus
formed acts as an emulsifying agent and by agitation a uniform
mixture Is obtained. 'There is some saponification of the sesame
oil to glycerin and ammonium soaps but this is not complete.

6. Ammontum Valerate Elixir (Elixir Ammonii Valeratis, Ammo-
nium Valeranate Elixir), N. I. VIII.—Acid ammonium valerate
(35 Gm.) contains about 65 per cent valeric acid which is neutralized
with diluted ammonia solution in preparing the elixir. Average
dose- 4 cc. (approximately 1 fluidrachm).

7. Ammoniated Valertan Tincture (Tinctura Valeriane Amino-
niata), N. I*. VIII.—Valerian contains organic acids, chiefly valeric
acid and resin. The presence of alkaline ammonia in the aromatic
ammonia spirit used as a menstruum forms soluble and stable
compounds with the acids and resin. It is used for its psychological
effect. Average dose—2 cc. (approximately 30 minims).

8. Ammoniacal Silver Nitrate Solution (Liquor Argenti Nitratis
Ammoniacalis; Ammoniacal Silver Nitrate, Howe), N. I'. VIII.—
Strong ammonia solution is added to a solution of silver nitrate
until all except the last traces of the black precipitate that forms
(19) has redissolved (20).

(19) AgNO, + NH,OH — AgOH | + NHNO;
(20) AgOH + 2NTLOH = Ag(NH.),0H + 2H,0

This solution is unstable when exposed to light and air. It must
be stored in small, well-filled, glass-stoppered, light-resistant con-
tainers. Upon opening, the reversible reaction (20) takes place
slowly. It is used primariiy in dental practice.
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9. Anisated Ammonia Spirit (Spiritus Ammoniee Anisatus, Liquor
Ammoniz Anisatus), N. F. VIIL.—This is a mixture of the three
components, anethole, diluted ammonia solution and alcohol. Its
use is similar to that of aromatic ammonia spirit. Average dose—
1 cc. (approximately 16 minims). )

10. Bismuth Magma (Magma Bismuthi, Milk of Bismuth, Bis-
muth Cream), N. I. VIII.—The diluted ammonia solution is used
to convert the official ammonium carbonate to normal carbonate (21)

(21) NILNILCO,NILHCO; + NH,OH — 2(NII,),CO;4

Bismuth hydroxide is also precipitated by the presence of the
ammonia solution (22) (see p. H48).

(22) Bi(NOW)s + 3NILOIL — Bi(OIl), | + 3NILNO,

11. Carmine Solution (Liquor Carmini), N. I, VIII.—Diluted
ammonia solution is used to solubilize the carmine (perhaps by salt
formation) and to produce a strong deep red solution. This
solution is incompatible with liquids having an acid reaction since
the carmine may be precipitated and the color destroyed.

12. lodides Tincture (Tinctura Iodidorum), N. F. VIII.—This
preparation is discussed under iodine (see p. 96).

13. Solid Petroxolin (Petroxolinum Spissum, Petrolatum Sapo-
natum Spissum, Solid Petrox), N. I'. VIII.—The strong ammonia
solution (60 ce.) reacts with the oleic acid (320 Gm.) to form am-
monium oleate (23).

(23) CH;3(CIL,).Cll = CH(CH,),COOIl + NIL,OH —
CH;(CHy).CH = CH(CII,);COONH, + IT,0

Yellow wax is used to make a solid product. Balsam of peru is
readily incorporated into solid petrox, producing no granulation
which may occur with other bases due to the separation of resinous
material.

14. Senega Fluidextract (Fluidextractum Senega, Fluidextract of
Seneca—snakeroot), N. I'. VIII.—Due to the presence of pectic
acids, before adjusting to the final volume of the fluidextract,
cautiously add diluted ammonia solution until the product is alka-
line to litmus paper and has a slight odor of ammonia. Average
dose—1 cc. (approximately 15 minims).

15. Senega Syrup (Syrupus Senega), N. F. VIII.—Senega fluid-
extract contains pectic acids that are neutralized with diluted
ammonia solution before the fluidextract is mixed with syrup.
This prevents gelatinization of the finished preparation. Average
dose—4 cc. (approximately 1 fluidrachm).

16. Solid Soap Liniment (Linimentum Saponis Spissum, Campho-
rated Soap Liniment, Solid Opodeldoc), N. F. VIII.—Diluted am-
monia solution is present for its counterirritant properties. The
chemistry of this liniment is on page 172.

17. Soda and Mint Solution (Liquor Sods= et Menthse, Mistura
Sode et Menthe, Soda Mint), N. F. VIII.—Ammonia is present
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as ammonium carbonate, ammonium hydroxide and ammonia due
to the aromatic ammonia spirit used. The preparation may be used
as a mild gastric antacid. Average dose—8 cc. (approximately
2 fluidrachms).

18. Washed Sulfur (Sulfur Lotum), N. F. VIII.—In the prepara-
tion of washed sulfur, the sublimed sulfur is macerated for three
days in diluted ammonia solution in order to remove any sulfuric
acid and arsenic sulfide as ammonium sulfate, arsenite and sulfar-

senite (24). (See p. 563.)

(24) H2SO4 + ASzS:; + 8NI’I4OH — (NH4)QSO4 + (NH4)3ASO:{
+ (NII4)3ASS;; + 5H20

Uses of Ammonia.—ILiquid ammonia is used for refrigeration and
for the manufacture of artificial ice. When 1 Gm. of liquefied
ammonia evaporates at —33.4° C., it absorbs 330 calories of heat.
In order to freeze 1 Gm. of water at 0° C., 79 calories of heat must
be removed. Therefore, the heat absorbed in the evaporation of
1 Gm. of liquid ammonia, when taken from water is sufficient to
convert about 4 Gm. of water at 0° C. into ice at the same tempera-
ture. The practical application of these principles is in the manu-
facture of “artificial” ice and for refrigeration purposes.

Household ammonia is a 10 per cent aqueous solution of NH.
It is used for cleaning and washing, both because of its water
softening and saponifying properties. Large quantitics of ammonia
are used in the production of fertilizers, nitric acid and ammonium
salts. The decomposition of ammonia into a mixture of 75 per
cent hydrogen and 25 per cent nitrogen by volume is now easily
carried out by means of a catalyst. The hydrogen may be con-
veniently used in oxyhydrogen torches. Tiquid ammonia provides
a convenient way in which to transport hydrogen—this because
hvdrogen is difficult to liquefy and therefore must be stored in a
gaseous state in steel cylinders.



CHAPTER V

THE HALOGEN FAMILY. FLUORINE AND FLUORINE
COMPOUNDS

Introduction.— Berzelius suggested the word “halogen,” which Is
derived from two Greek words, &\s (sea salt), and yevvar (to produce).
and consequently means “the producer of sea salt.” The term is
applied to four elements—fluorine, chlorine, bromine and iodine,
because the sodium salts of their respective hydro-acids are very
similar to ordinary sea salt. These four clements and their com-
pounds show a great resemblance to one another in general chemical
properties. The physical properties of the elements exhibit a
gradual transition. Thus, as the atomic weight increases, the
physical state changes from that of a gas (F, 19; Cl, 35.457) to
that of a liquid (Br, 79.916) and then to that of a solid (I, 126.92);
the melting- and boiling-points rise; the colors decpen; the specific
gravities increase; whereas the volatilities and solubilities of these
elements decrease in the same order.

All four halogens unite with hydrogen. The affinity toward this
element decreases as the atomic weights increase. Thus, hydrogen
and fluorine unite explosively at low temperatures and in the dark
(heat of formation of 1 gram-molecular weight of HI® at 18° [1 at-
mosphere] = 63,991 calories), whereas hydrogen and iodine (solid)
unite by a reversible reaction with the absorption of heat (—5926
calories). (See Hydrogen Iodide.) The hydrides of the halogens
are all colorless gases.

The affinity of the halogens for oxygen increases as the atomic
weight increases. Thus, iodine pentoxide is a well-defined crystal-
line solid while chlorine monoxide, peroxide and heptoxide are very
unstable even at ordinary temperatures. Oxides of fluorine and
bromine are unknown. When treated with water, the oxides of the
halogens yield acids, thereby indicating that the simple halogens
are non-metals.

In combination with hydrogen or the metals, the halogens are
univalent and negative. When combined with oxygen or in the
form of their oxygen salts, they have valences that are often greater
than 1 and are positive. Of the halogens, fluorine exhibits the
most marked tendency to become negative and the greatest antip-
athy toward becoming positive, whereas iodine shows the greatest
inclination to become positive and the least to become negative.

A halogen of lower atomic weight will displace one of higher
atomic weight from its binary hydrogen compounds or from the
salts thereof (1).

(1) 2HI + C, - 2HCl 4+ I, or 2I- 4+ Cl; — I, 4+ 2CI-
(78)
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This shows that the force with which the respective halogens hold
electrons diminishes from fluorine to iodine.

On the other hand, a halogen of higher atomic weight will dis-
place one of lower atomic weight from halogen oxyacids or their
salts. Thus, iodine will liberate chlorine from potassium chlorate
(2) or from perchloric acid.

(2) 2KCIO; + I, — 2K10; + Cl, 1

Fluorine exhibits some peculiar differences from the other mem-
bers of this family. For example, silver chloride, bromide and
iodide are nearly insoluble in water, whereas silver fluoride is appre-
ciably soluble. Sodium chloride, bromide and iodide are readily
soluble in water, whereas sodium fluoride is much less soluble.

FLUORINE!?
Symbol, I. Valence, 1. Atomic Weight, 19; Atomic Number, 9

History.—In 1886, Moissan, a French chemist, succeeded in iso-
lating fluorine by the electrolysis of anhydrous hydrofluoric acid
in molten potassium hydrogen fluoride. In 1860, Gore succeeded
in liberating small quantities of the gas by heating potassium fluo-
plumbate (1). The addition of fluorspar, CaF,, to various miner-
als for the purpose of facilitating their fusion was recorded by both
Basil Valentine in the fifteenth century and by Agricola in the
sixteenth century. The fact that fluorspar had been used for
centuries as a flux was no doubt responsible for naming the element
fluorine, which is derived from the Latin fluo, “ to flow.”

(1) K.PbFs — 2KF + PbI, + F» 1

Occurrence.—The great activity of this element would preclude
its occurrence as such in Nature. However, it is claimed that
minute traces of free fluorine have been detected. In combination,
its principal minerals are fluorite or fluorspar [Caks], apatite “or
Sfluorapatite [Cal,y. 3Cas(POy)2), and cryolite [AlF;.3Nal?].  The first
two minerals are widely distributed while the latter is found in
large deposits in Greenland and Iceland. The bones and enamel
of teeth of mammals contain small amounts of calcium fuoride.

Fluorine is the seventeenth most plentiful element in the earth’s
crust which places it below chlorine but above bromine.

Physical Properties.— luorine is a pale yellow gas having a char-
acteristic odor resembling a mixture of ozone and chlorine. It may
be condensed to a pale yellow liquid, boiling at —187° C. Solid
fluorine melts at —223° C.

Chemical Properties.—Iluorine is an intensely active substance,
if not the most active element known. It combines directly with

1 Fluorine Chemistry, Chem. Ind., 69, 1006, (1946).
2 Chemical Uses Promising for Fluorine, Ind. and Eng. Chem., News Ed., 25, 43,

(1947); see also J. Chem. Ed., 24, 314 (1947).
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all of the elements excepting oxygen, nitrogen, chlorine, and the
inert gases (helium family). All organic compounds are attacked
by it. Hydrogen, sulfur and many other elements ignite sponta-
neously in an atmosphere of fluorine. Ordinary illuminating gas
is ignited by it, hence the use of a stream of illuminating gas to
detect leaks in a fluorine apparatus. Most metals unite with it to
form fluorides. Gold and platinum do not react with it below red
heat. Fluorine abstracts hydrogen from its compounds. It decom-
poses water to form hydrofluoric acid and ozone (2).

@) 3F, + 3ILO — 6IIF + O,

Commercial Manufacture.- The clectrolytic generation of fluorine
is possible under varying conditions of temperature and electrolyte
composition. One commercially practical cell of the diaphragm
type. draws approximately 1000 amperes. Ordinary carbon steel
is used for the major parts, including the cell body, the hot water
jacket, the HIF feed line, the cathode, and the solid part of the
diaphragm. The anodes are carbon rods impregnated with copper
and the diaphragm is a Monel screen. The electrolyte is fused
KF.2HF to which has been added 1 to 1.5 per cent Lil". The
cell operates at 95° to 115° C. with an anode current efficiency
close to 95 per cent and an overall potential drop of 9 volts. These
cells can operate continuously for more than a year and produce
99 per cent fluoine after removal of 4 to 8 per cent TTF.

Prior to 1942, only a few pounds per day of fluorine were pro-
duced. During World War II the demand for fluorine increased,
so that by 1945 production was measured in tons per day.

Fluorine gas can be handled satisfactorily at ordinary tempera-
tures and atmospheric pressure in piping, tubing, and other vessels
constructed of copper, steel, nickel and Monel.

Uses.—In the organic field, simple fluorine-containing com-
pounds have been used for more than a decade as refrigerants,
known as Freon. These are good solvents and dispersants for
aérosol insecticides. Fluorocarbons, because of their extreme stabil-
ity, are used as lubricants and inert solvents. Sulfur hexafluoride
is finding its principal application as a gaseous dielectric in high-
voltage generators.

NoN-0FFICIAL CoMPOUNDS OF FLUORINE

Hydrogen Fluoride and Hydrofluoric Acid.—Scheele discovered
what is possibly the most important compound of fluorine, »z.,
hydrogen fluoride. In 1808, Gay-Lussac and Thenard prepared
the anhydrous compound, which is a colorless, fuming liquid, boil-
ing at 19.4° C. and freezing at —92.3° C. It is miscible in all pro-
portions with water and, like the other halogen acids, gives on
distillation an acid having a constant boiling-point of 120° C.
(760 mm.) and containing 35 per cent of hydrogen fluoride. Vapor
density determinations indicate that hydrogen fluoride molecules
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combine to form complex aggregates. Simons and Hildebrand
believe that at ordinary temperatures hydrogen fluoride consists of
a mixture of HF and HeF in equilibrium, 6HF = HeF,. A rise in
temperature causes the dissociation of HgFs into 6HF, while con-
versely, a reduction in temperature effects an association of 6HF
into HsFo.

Hydrogen fluoride gas is poisonous and the liquid hydrogen fluo-
ride or its solutions are very corrosive, producing slow-healing
wounds when dropped on the skin.

Hydrofluoric acid behaves very much like the other halogen
acids, especially hydrochloric acid. Metals, e. g., lead and zinc, are
not as readily attacked by hydrofluoric acid as they are by hydro-
chloric acid. Unlike the halogen acids, hydrofluoric acid forms both
normal and hydrogen salts, e. g., potassium fluoride (KI') and
potassium hydrogen fluoride (KHF,),

The most characteristic chemical property of hydrofluoric-acid,
viz., its action upon silicon dioxide and silicates, was known as early
as the seventeenth century. Hydrofluoric acid acts upon silicon
dioxide (sand) to form gascous silicon tetrafluoride (SiF,) and
water (3).

(3) SiO, + 41IF = SiF, + 2IL0

Glass, which is a mixture of silicates, is also attacked by hydrofluoric
acid. The fluorides of the metals, silicon tetrafluoride and water
are formed according to the representative equation (4).

4) CaSiO; + 6HI' — CaF, + Sily + 3H.0

When glass is introduced into an atmosphere of moist hydrogen
fluoride, it acquires a rough or “frosted”’ surface. Glassware, e. g.,
thermometers, volumetric flasks, ete., can be etched or marked with
hydrofluoric acid. TFirst the glass surface is covered with paraffin
to localize the action of the acid and then the paraffin is removed
with a stylus from such parts of the glass as are desired to be etched.

Preparation.—ITydrogen fluoride is prepared by heating dry
sodium hydrogen fluoride (5).

(5) NaHF, — NaF + HF

Hydrofluoric Acid.—Aqueous solutions of hydrogen fluoride can
be prepared by distilling a mixture of powdered fluorspar (Cal)
and concentrated sulfuric acid from either a lead or platinum retort
(6), and absorbing the evolved hydrogen fluoride in distilled water
contained in a lead, paraffin, rubber or bakelite flask. It should
be stored in the aforementioned containers because of its action
on glass.

(6) CaF, + 11,80, — 2HF + CaSO,

Fluorides.—The normal salts of hydrofluoric acid are prepared in
much the same manner as are the normal salts of the other hydro-
halogen acids. As has previously been pointed out (p. 79), the

6
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solubilities of the fluorides are markedly different from those of the
salts of the other halogen acids. For example, silver fluoride is
appreciably soluble, whereas silver chloride, bromide and iodide
are nearly insoluble. ITurthermore, sodium fluoride is much less
soluble than sodium chloride, bromide and iodide.

Sodium fluoride (Nal?) is in the U. S. P. XIII as a reagent chemi-
cal and potassium fluoride (KI'.2H,O) is similarly listed in the
N. F. VIII.

Pharmacology of the Fluoride Ion.—The fluoride ion is notably
toxic. Itis thought that this property is occasioned by the formation
of insoluble calcium fluoride. Sodium fluoride is a general proto-
plasmic poison. It is also an excellent antiseptic, and as such has
been used as a preservative and to prevent fermentation (beer, 0.01
to 0.015 Gm. per liter).

Fluorine in the form of sodium fluoride or sodium silicofluoride
1s used in aqueous solution (1 per cent) as a spray to moth-proof
clothing. The spray is also effective against ants, roaches and
other insects.  In the form of a dusting powder (95 per cent Nal)
it has long been used to combat chicken lice.  Sodium fluoroacetate,
commercially known as 1080, is being used as a very cffective
rodenticide. The administration of very small quantities of sodium
fluoride results in the deposition of calcium fluoride, in the bones,
which become unusually hard and brittle.

Certain fluoride salts, notably caleium and sodium Huoride, have
recently become of importance in dental practice’ for retarding or
preventing dental caries. 'The fluoride may be applied in solution
directly to the tooth enamel by means of a swab or dissolved in the
drinking water. In drinking water sodium fluoride is used in con-
centrations of 1 or 2 parts per million. Too much fluorine in the
body leads to mottled or otherwise affected teeth.

A commercial preparation, Enziflur Lozenges, contains calcium
fluoride, and vitamins C and D. The fluoride is thought to com-
bine with calcium and phosphorus in the teeth to form fluorapa-
tite (7).

(7) Caly + 3Cay(POL); — Caly-3Ca (PO,

1J. Am. Dent. Assoc., 34, 26 (1947); ihid., 34, 719 (1947); J. A. M. A., 136, |12
(1948); Drug and Cas Ind., 61, 611 (1947).



CHAPTER VI
CHLORINE

Symbol, Cl. - Valence, 1. Atomic Weight, 35.457; Atomic
Number, 17

History.—This gascous chemical element takes its name from
Greek, xMwpos, meaning “greenish yellow.” Scheele discovered it
in 1774 and called it *“dephlogisticated muriatic acid.”* In 1785,
C. L. Berthollet expressed his belief that it was a compound of
oxygen and hydrochloric acid and named it “oxygenized muriatic
acid.” In 1810- 1811, Sir I1. Davy proved conclusively that it was
an element and gave it the name chlorine.

Occurrence.- (‘hlorine never oceurs as such in Nature.  In com-
bination with the alkali metals it occurs widely distributed as rock
salt (NaC'l), as carnallite (KC1. MgCl,. 611,0), and as sylvite (native
KCI) at Stassfurt. It is found in combination with the alkali
metals in sea salt, in various spring waters, and in the tissues of
plants and animals. Sea water contains about 2.07 per cent of
combined chlorine.  Voleanic gases contain chlorine in the form of
hydrochlorie acid (4. 2.).

Physical Properties.—(Chlorine is a greenish vellow gas, having a
characteristic unpleasant, suffocating odor and an astringent taste.
The vapor density of chlorine is 24885 (air = 1), TIts critical
temperature 1s 144° . and its eritical pressure 76 atmospheres.
Its vapor pressure at 20° C. is 4993 mm. of mercury or 6.62 at-
mospheres. It can be liquefied at —34.6° C. under atmospheric
pressure and at ordinary temperatures by compression. It solidifies
and crystallizes at —102° ", Two hundred and fifteen cubic centi-
meters of the gas dissolve in 100 ce. of water at 20° C. Tt is only
slightly soluble in a concentrated solution of sodium chloride.

Chemical Properties.—-At ordinary temperatures, chlorine unites
directly with many other elements. In direct sunlight, or in the
actinic light of burning magnesium, it combines explosively with
hydrogen. Powdered arsenic, antimony, copper, and phosphorus
ignite spontaneously in an atmosphere of chlorine to form the cor-
responding chlorides (1 and 2).

(1) 2Sb + 3Cl, — 25bCls
(2) 2P + 3Cl, — 2PCL
PCl; 4+ Cl, - PCl;

It does not combine directly with carbon, nitrogen, and oxygen.
Many compounds containing hydrogen are readily decomposed by
chlorine. For example, if a few drops of hot turpentine are placed
upon a strip of paper and then immersed in an atmosphere of

1 Stahl and others regarded the hypothetical principle of combustion as an element.
Carbon and sulfur were thought to be nearly pure phlogiston.

(R3)
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chlorine, a violent reaction takes place with the formation of
hydrochloric acid and carbon (3).

3) CioHys + 8Cl, — 16HCI + 10C

Furthermore, a lighted taper burns in chlorine with a very luminous
flame. Therefore, it may be concluded that chlorine does not
readily unite with carbon.

A saturated solution of chlorine in distilled water (Chlorine Water)
is listed among the Test Solutions of the U. S. P. XIII. A freshly
prepared solution of chlorine in water was official as Aqua Chlori
in U. S. Pharmacopeeia, 1890. It has a yellow color, which disap-
pears on standing. This is caused by the action of chlorine upon
water to form hydrochloric and hypochlorous acids (4), both of
which are colorless.

4) H,0 + Cl, = HCl + HCIO

In a one-half saturated chlorine water at 10° C., 33 per cent of the
chlorine is changed to hydrochloric and hypochlorous acids. The
equilibrium thus established is readily destroyed by the action of
light on hypochlorous acid forming hydrochloric acid and oxygen (5).

(5) 2HCIO — 2HCl + O,

Consequently, in an effort to reéstablish the equilibrium, more
chlorine reacts with water according to equation (4). In the pres-
ence of light these reactions continue until the colorless solution
contains only a small quantity of dissolved chlorine. Ireshly pre-
pared chlorine water contains free chlorine, hydrochloric acid, and
hypochlorous acid. In order to retain as much chlorine per se in
solution as possible, chlorine water should be kept in a dark place.
As stated previously, chlorine has the property of displacing halo-
gens of higher atomic weight from the hydrogen halides or their
salts (6).

(6) 2HX + Cl, — 2HCl + X, (X =Brorl)
and
2MX + ClL, — 2MCI + X, (M = any metal)

When water at 0° C. is saturated with chlorine, a pale green com-
pound, chlorine hydrate (Cl,.8H,0), crystallizes out. At higher
temperatures this compound is readily decomposed into its constitu-
ents. Chlorine hydrate is of historical interest because, in 1823,
Faraday prepared the first liquid chlorine by placing this compound
in one arm of a U-tube, sealing the open end and placing the empty
limb in a freezing mixture. When the hydrate was warmed gently
chlorine was driven off and liquefied by its own pressure in the
empty part of the tube.

Tests for Identity.—1. I'ree chlorine may be recognized by its
characteristic odor.

2. It liberates iodine from solutions of potassium iodide (6).

3. Litmus, indigo, etc., are bleached by chlorine.

4. Chlorine acts as a powerful oxidizing agent.
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Commercial Manufacture.-- Chlorine is made by the electrolysis of
sodium chloride or potassium chloride.

1. The Electrolytic Manufacture.' —This method of preparation
not only produces chlorine but also hydrogen and sodium hydroxide
(potassium hydroxide if KCI replaces NaCl). Sodium chloride in
aqueous solution will ionize into sodium ions, Na*, and chloride
ions, Cl=. The water will supply hydronium ions, H;O*, and
hydroxide ions, OII=. The passing of an electric current through
such a solution causes the positively charged ions (Nat and H,Ot)
to travel toward the cathode, whereas the negatively charged ions
(CI= and OH~) migrate toward the anode. Being a much more
reactive element than hydrogen, sodium requires a higher voltage
to accept an electron and thus convert the sodium ion to sodium
atom.? The voltage may be regulated so that the hydronium ion
does accept an electron and thus liberates hydrogen (7).

(@) HO* + le — 11° + ILO
He + 11° - 1, ]

The liberation of chlorine at the anode rather than OH- ions
liberating an electron takes place at the same time and in a similar
manner (8).

8) Clm- - C1° + 1e
Cl° 4+ C1° — Cl,

The chlorine is removed, dried and compressed in steel eylinders
to a liquid.

The aqueous solution remaining after electrolysis contains sodium
hydroxide which is obtained by evaporating the solution to dryness.
This residue is purified and fused into sticks or pellets (see p. 190).

Laboratory Preparation.— ’lace 5 Gm. of potassium permanganate
crystals in a flask provided with a dropping funnel and with wash-
ing and drying bottles. "T'wenty-five cubic centimeters of Hydro-
chloric Acid, U. S. P., previously diluted with an equal quantity of
water, is allowed to fall drop by drop from the dropping funnel
upon the permanganate (9).

(9) 2KMnO, + 16HCl — 8I1,0 + 2KCl 4 2MnCl, 4 5Cl, T

Any hydrogen chloride carried over is condensed in about 50 cc.
of water contained in the washing bottle and the chlorine is dried
by passing it through concentrated sulfuric acid in a drying bottle.
The chlorine is collected by upward displacement of the air in a
suitable jar.

1 Paper Trade J., 109, 86 (1939).

2 An alternative explanation is that the sodium ion migrates to the cathode and
accepts an electron, thus becoming sodium metal (@) which, of course, cannot exist
as such in an aqueous solution and, therefore, forms NaOH and H. (b).

(a) Na* + 1le — Na
(b) 2Na + 2H.0 — 2NaOH '+ H,
The formation of chlorine is the simple giving up of an electron to the anode (8).
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Chlorine may also be prepared by heating 25 cc. of U. S. .l’
Hydrochloric Acid previously diluted with 25 cc. pf water, with
10 Gm. of manganese dioxide. The evolved gas is washed and
dried in the same manner as described above. o

If chlorine water is desired, the drying bottle containing the con-
centrated sulfuric acid may be omitted and the washed gas passed
directly into 400 ce. of distilled water kept at a temperature not
above 10° C. until a saturated solution is obtained. )

Pharmacological Action of Chloride Ion.—The chloride ion (C17)
has practically no pharmacological action. Chloride ions, t.ogether
with sodium ions, are necessary for the osmotic function which they
perform. The extracellular fluid of the body contains about 0.17 per
cent of dissociated sodium chloride. 'This concentration is main-
tained through the agency of the skin and urine, which either give
off or retain sodium chloride, depending upon the increase or
decrease of its intake.

Acidosis may be caused by an excess of the chloride ion in the
body. (See Ammonium Chloride, p. 272.) Chlorine as such is
rarely employed in medicine but has been recently used when
greatly diluted with air as an inhalant in treating infections of the
sinuses and bronchi.  Preparations which liberate free chlorine are
widely used as germicides and deodorizing agents.

Pharmaceutical Preparations and Uses.— 1. Chlorine Test Solution
(Chlorine Water), U. S. . XIII. -This is a saturated solution of
chlorine in distilled water (see p. 84). Chlorine in solution is
very irritating and caustic.

2. Sodium Hypochlorite Solution (Liquor Sodii Hypochloritis),
U. 8. P. XIII.—(See p. 194.)

3. Diluted Sodium IHypochlorite Solution (Liquor Sodii ITypo-
chloritis Dilutus, Liquor Sodwe Chlorinatee Chirurgicalis, Surgical
Solution of Chlorinated Soda, Modified Dakin’s Solution), N. F.
VIIL —(See p. 194.)

4. Hyclorite, N. N. R., is a solution of chlorinated soda, each
100 Gm. of which contains sodium hypochlorite 4.05 Gm., sodium
chloride 2.5 Gm., calcium hydroxide 0.14 Gm., and 0.65 Gm. of
inert salts. It contains not less than 3.85 per cent of available
chlorine. One volume of Hyclorite diluted with 7 volumes of water
has the same available chlorine content as “diluted sodium hypo-
chlorite” solution and is isotonic. The degree of alkalinity is
less than the official hypochlorite solution and has more available
chlorine. They are both used similarly in medical practice. (See
N. N. R,, 1947, pp. 85, 568.)

5. Bleaching Powder (Chlorinated Lime) was recognized by the
U. S. P. XI under the Reagent Standards. (See p. 338.)

6. Chlorinated Paraffin (Paraffinum Chlorinatum, Chlorcosane),
N. F. VIII.—Chlorinated Paraffin is a light yellow to light amber,
clear, thick, oily liquid. It is odorless, and is stable in air. It is
made by treating liquid paraffin with chlorine. It is used as a sol-
vent for dichloramine-T. Its chlorine is not active, hence chlori-
nated paraffin is not antiseptic.
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7. Chloramine-T (Chloramina-T, Chloramine), N. F. VIII.—
This white or faintly yellow, crystalline organic compound of
chlorine contains the equivalent of not less than 11.5 per cent and
not more than 13 per cent of active chlorine (Cl). Active chlorine
is often referred to as ‘““available chlorine” and is that chlorine
which is liberated from a substance when treated with an acid.

Chloramine-T has a slight odor of chlorine, is affected by light,
and slowly loses chlorine upon exposure to air. One Gm. is soluble
in 7 cc. of water at 25° C. and in about 2 cc. of boiling water. It
is insoluble in ether and in chloroform. Alcoholic solutions decom-
pose on standing.

[t is less irritating than NaOCl, dissolves necrotic tissue only
slightly, and therefore is usually used in 1 to 2 per cent aqueous
solution to prevent reinfection of wounds. Its effectiveness is
obviously due to the slow liberation of chlorine.

8. Chloroazodin (Chloroazodinum, Azochloramid), U. S. P. XIIL.
—This compound contains the equivalent of not less than 37.5 per
cent and not more than 39.5 per cent of active chlorine (Cl). [t
occurs as bright yellow needles or flakes, has a faint odor suggestive
of chlorine, and a slightly burning taste. Glycerin and alcohol
solutions decompose rapidly on warming and all solutions decompose
on exposure to light. It is very slightly soluble in water and in
chloroform, sparingly soluble in alcohol and slightly soluble in glyc-
erin and in triacetin.  Chloroazodin explodes when heated to 155° .
and decomposition is accelerated by contact with metals.

9. Chloroazodin Solution (Liquor Chloroazodini), U. 5. P. XI1I.—
This compound contains not less than 0.24 Gm. and not more than
0.28 Gm. of C,ILCLN;.  Glyceryl triacetate is used as the solvent.
"This is considered superior to solution of Dichloramine-T or Dakin’s
Solution because of the slow and steady way in which its chlorine
is liberated. It has gained great popularity in England. The solu-
tion should be preserved in tight, light-resistant containers and
it should not be permitted to come in contact with metals.

10. Suceinchlorimide (Succinchlorimidum), N. F. VIII.—The
chlorinated imide of succinic acid occurs as a white, crystalline
powder with the odor and taste of chlorine. Succinchlorimide
contains not less than 25 per cent and not more than 27 per cent
of active chlorine. One gram is soluble in 70 ce. of distilled water
and the solution is acid to litmus. 1t is sparingly soluble in chloro-
form and carbon tctrachloride.

It is used principally for disinfecting water. A concentration of
about 1:100,000 is effective against Eberthella typht, Salmonella
paratyphi, and other infectious bacteria.

Succinchlorimide Tablets, N. F. VIII, are available for use.

11. Halazone, N. N. R., is p-sulfonedichloramido benzoic acid.
It occurs as a white powder having a strong odor of chlorine.
[Halazone should contain not more than 26.26 per cent and not less
than 24 per cent of active chlorine. [t is stable in solid form and
is slightly soluble in water and in chloroform. The acid group
present allows salt formation with alkalies. When used with
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alkali carbonates, borates or phosphates, halazone in concentrations
of 1 in 200,000 to 1 in 500,000 will sterilize water. It is effective
against the same organisms as succinchlorimide. .

Other Uses.—Since the early part of the century chlorine has been
used to purify the drinking water of our cities. ILong before this.
however, chlorine was known to prevent putrefaction and remove
the odor of decay. The most important use of chlorine today is
in water purification.! Water is treated with an excess of gaseous
chlorine and then carbon is added which adsorbs certain objection-
able impurities and reduces the chlorine concentration to 0.2 part
per 1,000,000. The water-carbon mixture is then filtered. Some
chlorine is allowed to remain in the water to protect it while moving
through the mains. Chlorinated water is often unpalatable due to
chlorine compounds formed from the impurities. Phenolic com-
pounds, for example, will be converted to chlorphenols which have
a characteristic unpleasant taste and odor. Alge growth in water
presents a similar difficulty.

Recently, chlorine dioxide (CIO.)! has been used to purify drink-
ing water and besides having two and a half times the oxidizing
power of chlorine does not chlorinate contaminating compounds
(10, 11), but oxidizes them to odorless and tasteless products.

(10) ClO; 4 2iH, — IICI + 2H.0

Chlorine dioxide is a good bactericide, but it is not economical to
use it for sterilizing drinking water. Therefore, to purify drinking
water, chlorine is first added to disinfeet it and then chlorine dioxide
to destroy unpleasant tastes and odors.

Chlorine dioxide is also the best compound for bleaching flour,
fats, oil, paper, textiles, etc. Its action is instantaneous and does
not weaken the fiber of materials.

1 J, Chem. Ed., 22, 283, (1945).
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BROMINE

Symbol, Br. Valence, 1. Atomic Weight, 79.916;
Atomic Number, 35

History.—In 1826, A. J. Balard isolated this element from the
concentrated mother liquor of the salines of Montpellier. He
named it bromine (Greek, Bpauos, a stench) because of its pungent,
unpleasant smell. Prior to its discovery, Joss had confused it with
selenium and Liebig thought that it was chlorine. Balard’s investi-
gations established the elemental character of the substance and
demonstrated that its chemical properties were very similar to those
of chlorine and iodine.

Occurrence.—Bromine does not occur in Nature in the uncom-
bined condition, but is always united with various metals. The
mineral bromyrite (AgBr) is naturally occurring. Sodium, potas-
sium, calcium and magnesium bromides are found in mineral
waters (kissingen, kreuznach, etc.), in river and sea water, and
occasionally in marine plants and animals. Its principal commer-
cial sources are: (a) Sea water (0.007 per cent MgBr,); (b) Dead
Sea (9 per cent MgBr.); (¢) the carnallite deposits at Stassfurt in
Prussian Saxony, where, after the extraction of the potassium chlo-
ride from the impure mineral, the mother liquor is found to contain
appreciable quantities of magnesium and sodium bromides; and
(d) the brines of Michigan, Ohio, Pennsylvania, Kentucky, and
West Virginia. These brines contain about 25 per cent solids-and
1300 parts per 1,000,000 of bromine. In the form of bromides, it is
also found in small quantities in the mother liquors from kelp and
Chile saltpeter.

Physical Properties.— At ordinary temperatures, bromine is a
dark reddish-brown mobile liquid, which in any quantity appears
almost black. It has a density of 3.19, and boils at 58.78° C.,
forming a deep red, poisonous vapor which is very irritating
to the respiratory organs. At ordinary temperatures, it has
a high vapor pressure (150 mm. at 18° C.) and hence evaporates
very quickly. When cooled to —21° C., it forms red, needle-shaped
crystals (melting-point, —7.3° C.). One Gm. of bromine dissolves
in about 30 cc. of water at 20°C., and is freely soluble in alcohol,
ether, chloroform and carbon disulfide. Alcohol and ether are
gradually decomposed by bromine, forming bromine substitution
products.

Chemical Properties.—In general, the chemical properties of bro-
mine are intermediate between those of chlorine and iodine (g. v.).
It does not combine directly with oxygen, nitrogen, or carbon,
and will unite with hydrogen only in the presence of a catalyst or

(89)
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at fairly high temperatures (heat of formation of IIBr = 8600 cal-
ories). Bromine unites directly with the non-metals (phosphorll§,
arsenic, etc.) and also with most of the metals. When a metal is
heated and held in bromine vapor, it bursts into flame. In the
presence of sunlight, hydrobromic and hypobromous acids are
formed in aqueous solutions of bromine (1). The hypobromous
acid is further decomposed into hydrobromic acid and free
oxygen (2).

(1) Br, + H,O 2 HBr + HBrO

(2) 2HBrO — 2HBr + O,

Tests for Identity.—1. Bromine may he recognized by its charac-
teristic, unpleasant odor.

2. It destroys organic matter and bleaches litmus, indigo and
other coloring materials.

3. It imparts a yellow color to starch test solution.

4. When an aqueous solution of bromine is shaken with carbon
disulfide, the latter acquires a reddish yellow color.

Commercial Manufacture.—The methods of bromine preparation
depend upon the oxidation of the bromide ion to elemental bromine.

1. Recovery From Sea Water.!—Sea water contains 3.5 per cent
total solids and 65 to 70 parts per 1,000,000 of bromine. The
total solids and 65 to 70 per cent per 1,000,000 of bromine. The
sea water is acidulated with sulfuric acid (0.27 pound of 96 per
cent H.S0y per ton of sea water) to a pll of about 3.5. This is
necessary because if the sea water is just brought to neutrality and
then chlorine added, the following reaction will take place (3):

(3) 3Br: + 6H.O = 5HBr + HBrO, 4+ 3H.0

The excess sulfuric acid causes the reaction to remain completely
on the left-hand side due to the hydrogen ions released from the
sulfuric acid.  Chlorine is passed through the acidulated sea water
to oxidize the bromide to free bromine (4).

4) 2Br- + Cl; — 2CI- + Br; 7

The bromine thus generated is blown out of the solution and ab-
sorbed by a sodium carbonate solution to concentrate the bromine
as sodium bromide and bromate in a small volume (5).

(6) 3Br, + 3Na,CO; — 5NaBr + NaBrO; + 3CO. 1

The solution of bromide and bromate so obtained is treated with
sulfuric acid (6, 7 and 8). The bromine vapors are then steamed
out of the acidified solution and are condensed to pure liquid
bromine.

(6) 2NaBr 4+ H,SO, — 2HBr + Na.SO,
(7) 2NaBrO; + H.S0, — 2HBrO; + Na,S0,
(8) 5HBr + HBrO; — 3H.O + 3Br.

t Ind. Eng. Chem., 21, 434 (1929); 26, 361 (1934).
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2. Recovery From the Dead Sea and From Natural Bromide-contain-
ing Brine.—The procedure is the same as that used for sca water
except acidification with sulfuric acid is unnecessary.

3. Llectrolysis.- Bromine may be obtained by the electrolysis of
bitterns. These aqueous solutions of various bromides and chlorides
yield upon electrolysis free bromine until all of the bromides have
been decomposed.  During the operation, chlorine is also liberated
from the chlorides present, but it immediately displaces the bromine
from its salts and becomes fixed. The current is stopped as soon as
chlorine begins to come off.

Pharmacological Action of the Bromide Ion.- 'The fact that psychic
functions and the reflexes are depressed by inorganic bromides,
whereas in general organic bromine compounds and bromates do
not act in this manner, has led to the conclusion that these effects are
due to the bromide ion. According to Frey, the bromide ion is
distributed similarly in the body to the chloride ion (¢. ».) and
which it partially displaces in the blood, gastric juice, etc. The
administration of fairly large doses of bromides tends toward the
production of mental calm and the elimination of worry, which
action, if not resisted, is conducive to rest and sleep. Bromides
arc in no sense anodynes or hypnoties. The long-continued use of
bromides may produce psychic weakness, poor memory, apathy,
sexual impotency, and malnutrition.  Bromide rashes (bromism)
are not uncommon, especially in cases of prolonged administration
of large doses. Bromides have been replaced largely by pheno-
barbital and sodium diphenyl hydantoinate (Dilantin) in the treat-
ment of epilepsy. Bromides are eliminated chiefly by the urine.

Uses.-—Bromine is used in making bromides for medicinal pur-
poses, in analytical chemistry, in photography, and in the prepara-
tion of organic dyes. It is a very irritant poison and a powerful
escharotic and is, thereforc, rarely used in medicine. Irritation of
the respiratory tract caused by bromine may be relieved by inhala-
tions of alcohol vapor.

Bromine Water is included in the list of Test Solutions given in
the U. S. . XI1II. It is a saturated solution of bromine prepared
by agitating from 2 to 3 cc. of bromine with 100 cc. of cold distilled
water in a glass-stoppered bottle, the stopper of which should be
lubricated with petrolatum. It is to be preserved in a cool place,
protected from light.

Bromine is listed among the Reagent Standards of the U. S. P.
XIII. Standards for its quality, i. e., specific gravity, limits for
non-volatile matter, organic bromine compounds, iodine, and sulfur
compounds are specified and appropriate tests given.



CHAPTER VIII

IODINE
Todine, U. S. . XIT1

Symbol, I. Valence, 1. Atomic Weight, 126.92;
Atomic Number, 53

History.—The name of this solid halogen element was derived
from the Greek, iwdys (violet colored), in allusion to the color of its
vapor. While investigating the products obtained from the mother
liquor prepared by lixiviating kelp or the ashes of seaweeds, B.
Courtois, a soap boiler of Paris, discovered iodine in 1812. Three
years later L. J. Gay-Lussac studied its properties and showed it
to be an element. It was first introduced into medicine in 1819 by
Coindet.

Occurrence. — lodine does not occur as such in Nature, but is found
widely but sparingly distributed in the form of iodides and iodates,
chiefly of potassium and sodium. Small quantities are also found
in some minerals in combination with silver, lead, mercury and
other metals. Sea water, seafoods, scaweed and sponges contain
small quantities of iodides. The ashes obtained by burning sea-
weeds are known in Scotland as kelp; in Norway as varec; and in
Spain as barilla. They often contain as much as 2 per cent of
iodine as iodides, ete. Iodine also oceurs in the thyroid glands of
animals in organic combination as a part of thyroxin. Chile salt-
peter (impure sodium nitrate) contains approximately 0.2 per cent
of a mixture of sodium iodide and sodium iodate.

Physical Properties.— [odine occurs in the form of a grayish black
solid, having a metallic luster and a characteristic penetrating odor.
It crystallizes in large rhombic plates or granules. At ordinary
temperatures it volatilizes slowly and when heated to 114° C,, it
melts, giving off violet colored vapors. The liquid boils at 183° C.
It has a density of 4.93. One Gm. of iodine is soluble in about
2950 cc. of water, in 13 cc. of alcohol, in about 80 cc. of glycerin,
and in about 4 cc. of carbon disulfide. Solutions of iodides, e. g.,
potassium iodide, dissolve large quantities of iodine because of
the formation of definite compounds (1).

(1) KI + L =2 KI,

Iodine gives brown solutions with all solvents, except carbon
disulfide, carbon tetrachloride and chloroform (violet). Itis thought
that the brown color of solutions of iodine in certain solvents is due
to the products of a weak combination of iodine with these solvents,
and that the violet-colored solutions represent iodine in solution
in an uncombined form.

(92)
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Chemical Properties.—The chemical properties of iodine closely
resemble those of chlorine and bromine. As a rule, its affinity for
other elements, however, is less than that of either. The molecular
weight of iodine (by vapor density method from 184° to 700° C.)
is 253.8; hence its molecular formula, I,. At 1700° C. the dissocia-
tion of the diatomic iodine molecule into monatomic molecules is
complete and its molecular weight is equal to its atomic weight (2).

2) LI+ 1 — 28,500 calories

In aqueous solutions, icdine acts as an oxidizing agent. Todine,
even when heated, unites very slowly with hydrogen, the presence
of a catalyst (platinum black) being necessary to effect the combi-
nation. It combines directly with some non-metals and with the
majority of the metals. Ior example, yellow phosphorus melts and
then inflames when mixed with icdine (3); antimony burns in iodine

(3) 2P + 31, — 201,
vapor; and mercury when heated combines rapidly with it (4).
(4) Hg + I, — Tgl,

Todine is displaced from combination with hydrogen and the metals
by both chlorine and bromine (5).

(5) 2Nal + Cl, — 2NaCl + I,

The action takes place either in the dry form or in solution.

Official Tests for Identity.—1. lodine can be readily detected by the
blue color it immediately gives with starch test solution. The color
vanishes when the mixture is boiled, but reappears on cooling,
provided the boiling has not bheen too prolonged.

2. The color of its solutions in the various solvents (q. v.).

3. Todine is readily reduced by many reducing agents, especially
sodium thiosulfate (6), complete reduction becoming evident by
the loss of the characteristic iodine color.

(6) 2NR2$203 + 12 d NRQS.;()G + 2NaI

4. When iodine is added to solutions of the alkali metal hydroxides
it undergoes a characteristic reaction (7).

(7) 3L, + 6NaOH — 5Nal + NalO; + 3H,0

Commercial Manufacture.—Jodine is obtained from (1) iodides in
oil-well brines, (2) iodides present in the ashes of burned seaweed,
or (3) iodates in crude Chile saltpeter (caliche).

1. Recovery From Todides in Otl-well Brines.!*—Iodide is present
to the extent of about 0.05 Gm. per liter. The details of the process
are not well known but from the patent the iodide ion is oxidized
to free iodine. The iodine is then adsorbed on activated carbon or
charcoal. The cathode of an electrolytic cell is then made from

1 U. S. Patent 1,944,423; 2,009,956,
2 Ind. Eng. Chem., 26, 376.
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this jodine-carbon product and by electrolysis iodine is collected
at the anode.

2. (@) The Action of Manganese Dioxide and Sulfuric Acid on
Todides.—The sources of iodides are (1) brine wells and (2) burned
seaweed producing an ash known as kelp, varec or barilla.

The kelp obtained is lixiviated with water to extract the soluble
salts. When the liquid is concentrated, the less soluble salts (chiefly
alkali chlorides, carbonates and sulfates) crystallize out and are
removed. Sulfuric acid is added to the liquid to decompose any

Fic. 8.—Iodine resublimation. (Picture taken at Merck & Co., Inc., by Barrett
Gallagher and reprinted from Fortune Magazine by special permission of the editors.)

alkaline sulfides and sulfites present. The sulfuric acid also con-
verts the lodides and bromides into sulfates, and hydrogen iodide
and hydrogen bromide are produced and go into solution. Then
the liquid is run into the iodine still, warmed, and mangancse
dioxide is added from time to time (8). The liberated iodine
volatilizes and is condensed in suitable receivers.

(8) 21‘]1 + MHOQ + HQSO4 b d MI]SO4 + 2]‘120 + Ig

The iodine thus obtained is purified by mixing it with a small
quantity of potassium iodide and subliming. In this way, traces
of bromine and chlorine are removed. (See Eq. 1, p. 78.)

(b) The Action of Chlorine on ITodides.—A solution containing
iodides may be treated with chlorine in a manner similar to that
used for obtaining bromine from bromides (see p. 90). When
conditions are controlled the following reaction takes place (9).

9 2I-+Cl: = 2Cl- + I,
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3. The Reduction of Sodium Iodate.—lodine is obtained in large
quantities from the mother liquors of Chile saltpeter, in which it
occurs as sodium iodate. When the liquor is mixed in large vats
with a calculated amount of sodium bisulfite, iodine is precipitated

(10).

Very often the iodine is liberated by the addition of both sodium
hydrogen sulfite and normal sodium sulfite (11).

(11) 2NalOy + 2NalISO; + 3NaS0; — 5NaS0; + 1, + H,0

The precipitate is washed and sublimed from iron retorts. (See
Fig. 8.)

Sometimes the liquors are treated with a sufficient quantity of
sodium bisulfite to change the sodium iodate to sodium iodide (12).

(12) NalOy 4 3NalISO; — 3NallSO; + Nal

When the solution of sodium iodide is treated with cupric and ferrous
sulfates, the iodine is precipitated as cuprous iodide (13).

(13) 2Nal + 2CuS0O; 4 2FeS0; - Cualy + NaoSO4 4 Fea(SO4)3

The precipitated cuprous iodide is mixed with manganese dioxide
and sulfurie acid and heated.  lodine is liberated and its vapors
condensed in a suttable apparatus (14). (See Method 2.)

(]4) (_‘llgl-_: + 21\]!)()3 + +41 I]_S()4 rd 2(‘/115()4 + 21\11]S()4 + 12 —+
411,0

Pharmacological Action of the Iodide Ion.--lodine when adminis-
tered internally will be converted to iodide ion regardless of the
form of medication. In protein or fat combinations the conversion
to iodide is retarded. The iodide ion is similar to chloride and
bromide ions in that after absorption it is distributed evenly in
the extracellular fluid. The concentration in the saliva or serum
is an index to the concentration in all other extracellular fluids.
No pharmacological response is noticeable upon the introduction
of iodides since the ion does not affect the central nervous system
or the circulation.

Its therapeutic use is based on the iodide ion’s ability to destroy
tissue (histolytic effect) and on its beneficial effect on inflammatory
lesions. In tertiary syphilis it has quite a specific action but its
use is contraindicated in tuberculous conditions.

Because icdides are stimulating to mucous membrane and are
excreted by the bronchial glands, they are useful as expectorants.
(See Hydriodie Acid, p. 108.) The loosening of the congestion in
sinus disorders is also a result of this action on mucous membrane.
(See also p. 199.)

Since iodine is necessary in thyroxin formation, some is required
in the diet for proper functioning of the thyroid gland.
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Pharmaceutical Preparations and Uses.—1. Jodine (Iodum), U.. S.
P. XIII, should contain not less than 99.8 per cent of L. .Iodme
has been used in medicine for over one hundred years mainly as
a counterirritant and disinfectant. Elemental iodine can only
exert its characteristic action when used externally. Regardless qf
whether iodine is administered internally as iodine, a salt of hydri-
odic acid, or organically combined, it is converted primarily to the
iodide ion in the body. The iodide ion is not a disinfectant nor a
counterirritant, but possesses therapeutically useful characteristics.
(See Hydriodic Acid, p. 108, and Sodium Iodide, p. 199.)

2. Strong Iodine Solution (Liquor Iodi Fortis, Compound Iodine
Solution, Lugol’s Solution), U. S. P. XIII.—This solution should
contain in 100 cc. not less than 4.5 Gm. and not more than 5.5 Gm.
of iodine, and not less than 9.5 Gm. and not more than 10.5 Gm. of
potassium iodide. The iodine and potassium iodide are dissolved
in 10 cc. of distilled water and then sufficient distilled water added
to make 100 cc. The purpose of the potassium iodide is to solubil-
ize the iodine (see p. 92). Since the elemental iodine upon internal
administration is promptly converted to the iodide ion, the thera-
peutic use of Lugol’s Solution is that of the iodides. (See Sodium
Iodide, p. 199.) Average dose—0.3 cc. (approximately 5 minims).

3. Todine Tincture (linctura Iodi, Mild Tincture of Iodine),
U. S. P. XIII.—Note.—The strength of Iodine Tincture has been
reduced from 7 Gm. of 1odine in each 100 cc. (U. S. P. XII) to 2 Gm.
of todine in each 100 cc.

This tincture contains, in each 100 cc., not less than 1.8 Gm.
and not more than 2.2 Gm. of I and not less than 2.1 Gm. and
not more than 2.6 Gm. of Nal. The iodine and sodium iodide are
dissolved in a sufficient quantity of diluted alcohol to make the
required amount. Sodium iodide! is used in preference to potas-
sium iodide because it is believed to react more favorably upon
tissue cells. The diluted alcohol is not only a satisfactory solvent
but also has the additional advantage of being only slightly irri-
tating when applied to wounds. Furthermore, it will not freeze
in cold weather.

4. Iodized 01l (Oleum Iodatum), U. S. P, XIII.—This is an iodine
addition product of vegetable oils, containing not less than 38 per
cent and not more than 42 per cent of organically combined iodine
(I). The conversion of the organically combined iodine into the
iodide ion takes place slowly within the body. Therapeutically,
therefore, it acts as an iodide (p. 95).

5. Iodides Tincture (Tinctura Iodidorum), N. I. VIII.— Note:
Todides Tincture may be dispensed when Decolorized Todine Tincture
1 ordered.

This preparation does not contain any iodine as such, but merely
the iodides of ammonium and potassium. The iodine (50 Gm.) and
alcohol are added to an aqueous solution of potassium iodide

! Am. Prof. Pharm., 13, 51, (1947).
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(25 Gm.) and the mixture agitated frequently until the iodine is
d1§solved. Strong ammonia solution (100 cc.) is added and the
mixture set aside until it becomes colorless. The reaction is quite

complicated and a variety of products are formed. The following
is thought to be the main reaction (15).

Sufficient alcohol is then added to make 1000 cc. and the product
filtered. The preparation was intended as a stainless and colorless
external iodine antiseptic. It is a worthless product being no more
antiseptic than the water and alcohol which it contains.

6. Todine Ampuls (Ampulle Iodi, Iodine Swabs), N. I, VIIT.—
They contain, in each 100 cc., not less than 1.8 Gm. and not more
than 2.2 Gm. of T and not less than 2.1 Gm. and not more than
2.6 Gm. of Nal. Each ampul must yield not less than 90 per cent
and not more than 110 per cent of the labeled amount of 1. The
iodine solution in the ampuls is the same as Iodine Tincture,
U. S. I’. XIII, and has the same use.

7. lodine and Zinc lodide Glycerite (Glyceritum lodi et Zinci To-
didi, Diluted Talbot’s Solution), N. I, VIII.—The iodine (100 Gm.)
is added to a solution of zine iodide (80 Gm.) in distilled water
and the liquid agitated until solution is effected. Then 550 cc. of
glycerin, and a sufficient quantity of distilled water, is added to
make 1000 ce. Zine iodide provides the iodide ion necessary for
solubilizing the free iodine and also provides the astringent proper-
ties for which the preparation is used. The free iodine present
makes it an active germicide.

8. Todine Ointment (Unguentum Todi), N. F. VIII.—Caution:
During its manufacture and storage this ointment must not come in
contact with metallic utensils or containers. Iodine Ointment con-
tains not less than 6.5 per cent and not more than 7.5 per cent of
total iodine (I). Todine (40 Gm.) and potassium iodide (40 Gm.)
are triturated with glycerin (120 Gm.) until dissolved. The
mixture is incorporated with 800 Gm. of Yellow Ointment (U. S. P.
XIII) which is a mixture of yellow wax, wool fat and petrolatum.
The ointment possesses good antiseptic properties but is only mad-
crate in counterirritant action. Any absorption of iodine through
the skin is very questionable and therefore the use of the ointment
with the expectation of systemic iodide effects is unweairanted.

9. Stainless Todized Ointment (Unguentum Jodatum Denigres-
cens), N. F. VIII.—Todine (50 Gm.) is dissolved in oleic acid
(200 Gm.) with the aid of heat (about 65° C.) (16).

(16) CHy(CIL);CIT = CII(CIL);COOH + I, —
I 1
CH3(CH2)7CIJ—é—(CH2)7COOI{
b
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Paraffin (50 Gm.) is added and the heating continued until the
reaction is completed (iodine is absorbed or organically combm‘ed),
as shown by the absence of the reddish color. Petrolatgm (700 Gm.)
is added and, when liquefied, the product is removed'trom the heat
and stirred frequently until it congeals. The N. F. VIII notes that
this ointment improves upon standing for a week or ten days.
This is because the chemical reaction between the OIEI.C acid and
iodine is more nearly complete. This ointment contains no fr(fe
iodine (note Iodides Tincture) and thus is void of any antiseptic
property. The iodine in organic combination is not absorbed .through
the skin so no systemic value is possible. Stainless Iodized Ointment
has little therapeutic value.

10. Todine Solution (Liquor Iodi), N. F. VIII.—This solution
contains, in each 100 ce., not less than 1.8 Gm. and not more than
2.2 Gm. of iodine (I), and not less than 2.1 Gm. and not more than
2.6 Gm. of Nal. It is prepared by dissolving the iodine (20 Gm.)
and sodium iodide (24 Gm.) in 50 cc. of distilled water and then
making up to 1000 ce. with distilled water. Iodine Solution is a
very eflicient antiseptic and may be diluted with an equal volume
of water without lowering its germicidal properties to any appreci-
able extent. It has the advantage over Iodine Tincture, U. S. P.
XIII, of being less irritating but because no alcohol is present, it
dries more slowly. The fact that it freezes in cold weather has
prevented it from being widely used. Weak solutions of iodine
such as these have been found to be effective antiseptics without
having the destructive action upon healthy tissue that results when
more concentrated solutions are employed.

11. Phenolated Iodine Solution (Liquor Iodi Phenolatus, Boulton’s
Solution, IFrench Mixture, Carbolized Todine Solution), N. If, VIII.
—Liquefied phenol (6 cc.), strong iodine solution (15 cc.) (U. S. P.
XIII), and glycerin (165 cc.) are mixed and sufficient water added
to make 1000 cc.  The liquid is placed in a strong, tightly-stoppered
glass container and either exposed to the sunlight or heated at a
temperature not exceeding 70° C. until it becomes colorless or
faintly yellow. The facts that the solution is colorless or faintly
vellow, and that the solution does not turn blue when starch T.S.
is added, show that no free iodine is present in the liquid, it having
combined to form tri-iodo-phenol and hydriodic acid. Any thera-
peutic value that this preparation might have is probably due to
the phenol and iodo-phenol present. It has been used as a disin-
fectant and counterirritant, although there is no scientific proof of
its efficacy.

12. Strong Iodine Tincture (Tinctura Iodi Fortis), N. I, VIIT.—
Note:  Duspense Strong Iodine Tincture when Tincture of lodine,
U. 8. P. XII, is ordered.  This is an alcoholic solution containing
in each 100 cc. not less than 6.8 Gm. and not more than 7.5 Gm.
of I, and not less than 4.7 Gm. and not more than 5.5 Gm. of
potassium iodide. The potassium iodide is dissolved in 50 ce. of
distilled water contained in a graduated bottle, the iodine is added,
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and the mixture agitated until solution is effected. Sufficient
alcohol is added to make 1000 cc. This tincture! should not be
used as a disinfectant because more damage is usually done to
tissue than is warranted by any beneficial results obtained. Large
doses (10 to 15 minims) are sometimes prescribed to be taken in
milk, with which it combines chemically to form non-toxic organic
iodides and thus has the action of iodides. The only therapeutic
value that this tincture might have would be as a counterirritant.
This 7 per cent tincture came into vogue in 1840 when it was
customary to dissclve 1 ounce of iodine in 1 pint of alcohol.

13. Caleium Iodobehenate (Caleii Iodobehenas, Calcium Mono-
iodobehenate), U. S. P. XIII.—Calcium Iodobehenate consists
principally of calcium monoiodobehenate (CysHlCO0)Ca and
contains, when dried at 100° for 2 hours, not less than 23.5 per
cent of I This organic iodine compound is prepared by treating
erucic acid (CyHuCOOI) with hydriodic acid (II).  Frucie acid,
an unsaturated fatty acid similar in properties to oleic acid, is
found as a glyceride in oil of mustard seed, rape-oil, haddock liver
oil and some seed oils.  The hydriodic acid thus adds to the double
bond of erucic acid forming a saturated acid corresponding to
behenic acid (CaullCOOI).  Tts action is due to the slow libera-
tion of iodine forming iodides. Average dose—0.5 Gm. (approxi-
mately 7% grains).

14." Diluted Hydriodic Acid (Acidum Hydriodicum Dilutum),
U. S. P. XIIT.—(See p. 107.)

15. Hydriodic Acid Syrup (Syrupus Acidi Hydriodici), U. S. P.
NX1II.—(See p. 107.)

16. Ferrous Todide Syrup (Syrupus Ferri Todidi, Sirupus ferrosi
iodidi concentratus P.1.), N. F. VIIT.—(See p. 613.)

1 Am. Prof. Pharm., 13, 51 (1947).



CHAPTER IX
OFFICIAL INORGANIC ACIDS
BORIC ACID

Borie Aeid, U. S. P. XIII

/

OH
Formula, H;BO;; B~\4)H. Molecular weight, 61.84

OH

History.—In 1702, William Homberg obtained boric acid by
heating borax with copperas. Later he prepared it by the action
of sulfuric acid upon borax. Until Gay-Lussac and Thenard identi-
fied it in 1804 as being an oxygen compound of boron, it was known
as Sal Sedativum Iombergi.

Occurrence.— Free boric acid is found in sea water, certain plants
and in nearly all fruits. It is likewise found in some voleanie steam
jets, notably those in the Tuscany Marshes and the Lipari Islands.
It is also present in the natural waters of these regions. By far
its largest natural source is in the combined form as, for example,
Na,B,0;.4H,0 (rasorite); Na,B:0;.10ILO (borax); CaB.0;.4H,0
(borocalcite); H;BO;. Na,B,O;.2CaB,0;. 18H,0O (tincal); and C
Bsoll. 5H20 (colemanite). (

Physical Properties.—Boric acid is found on the market in three
forms: transparent, colorless, odorless, pearly scales having a smeoth
feel; six-sided triclinic erystals; and white, odorless, rather bulky
powder which is unctuous to the touch. All forms are stable in
air. The scale and crystalline forms are most suitable for preparing
aqueous solutions, because the powder tends to float on top of the
water.

At 25° C., 1 Gm. of boric acid is soluble in 18 cc. of water, in
18 cc. of alcohol, and in 4 cc. of glycerin. One Gm. is soluble in
4 cc. of boiling water and in 6 cc. of boiling alcohol. The addition
of HCI decreases its solubility in water. It volatilizes appreciably
from aqueous and alcoholic solutions at 60° C. and above.

Chemical Properties.—Orthoboric acid is a weak acid, its dissocia-
tion constant being 6.5 X 10-1° (for the first hydrogen ionized, the
others being negligible). It is a tribasic acid, as shown by its
esterification to ethyl orthoborate, the vapor density of which cor-
responds to a molecular formula B(OC.H;);. Boric acid cannot
be titrated accurately with standard alkali because it is such a
weak acid. However, when dissolved in a glycerin solution (official
assay) it behaves as a strong monobasic acid which can readily be
titrated with standard alkali. The following reaction is thought

(100)



BORIC ACID 101

to take place to account for the monobasicity of boric acid in
glycerin.!

CH,OH HO H.C—OH HO—CH,] "~
| I I
2CHOM+HOB — | IC—0,0—CIl | + ILO* + 2H0
| HO | A B¢ B |
CH,OH 1LC—0/ NO—ClII,
Glycerin Glyceroboric acid

In an analogous manner boric acid enters into combination with
other polyhydroxy organic compounds such as glycols and mannitol.

When orthoboric acid is heated at 100° C. or slightly above, it
is converted to metaboric acid by loss of a molecule of water (1).

. A
(1) TLBO;, 100°C. HBO, + 0
Ortho- Meta-
boric acid boric acid

Further heating to approximately 160° C. results in the formation
of tetraboric acid (2).

_a
160° C.
Still further heating converts the residue to boron trioxide, a
glassy-appearing solid (3).

(3) H.B.O; 2B,0; + 11O

strong heat

Tests for Identity.—1. Aqueous solutions impart a claret color to
blue litmus paper and a brownish-red color to turmeric ‘paper.
The latter turns greenish black upon the addition of ammonia.

2. An alcoholic solution of borie acid burns with a green bordered
flame.

3. When heated to 100° C., it decomposes into water and meta-
boric acid (HBQ,) which in turn is slowly volatilized at that tem-
perature.

4. When heated, boric acid goes through the changes described
under Chemical Properties.

5. On account of the non-volatility of the oxide, it will displace
most acids from salts when fused with them.

6. Metaborates are unstable and are easily decomposed (4).

(4) 4NaB02 + C02 - NaQC()a + NagB‘;()-[

Commercial Manufacture.—Orthoboric acid is obtained comrer-
cially from (1) the decomposition of certain naturally occurring
borates and (2) from volcanic steam jets.

! This formulation expresses the currently accepted reaction that takes place
between glycerin and boric acid. The arrow indicates a semi-polar bond. The
desire of boron to obey the octet rule and borrow another pair of electrons results
in a dynamic resonating system of 3 covalent bonds and 1 semi-polar bond. Addi-
tional weight is lent to this reaction by the fact that 2 organically stable 5-membered
rings (A and B) are formed.
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1. Most of the world’s supply of boric acid is prc;pared from the
naturally occurring deposits of colemanite, rasorite, bprax, ete,
For example, colemanite is reduced to a powder, mixed w1‘th 'bodmg
water, and the suspension is then treated with sulfur dioxide gas
to liberate boric acid (5).

(5) C32Bs()11.5H20 + 2802 + 4H20 d 2Cﬂ.SOs + GII;;B();;

When the solution is cooled, the boric acid crystallizes out.
Borax, when treated with HCI, liberates a high grade of medicinal
boric acid (6).
(6) Na,B,O;. 1010 + 2HC1 — 4I1,BO; + 2NaCl 4 5H,0

The use of IICl, a volatile acid, has superseded that of H,S0,
because residual traces of HCI will not remain on the crystal surfaces
when they are dried, whereas H,SO,, a non-volatile acid, is less
easily removed.

2. Although the foregoing procedures account for most of the
world’s supply of boric acid, a small amount of natural boric acid
is obtained from certain voleanic areas in Tuscany and the Lipari
Islands. In these areas, volcanic steam jets (soffioni) issue from
the ground carrying a small amount of vaporized boric acid together
with some other gases. These jets are passed into natural or arti-
ficially constructed pools of water (lagoni) which become highly
charged with boric acid. The water from these pools is then con-
centrated (utilizing the heat of the steam jets) to obtain the crystal-
line boric acid. More recently, artificial soffioni have been bored
to increase production.

Laboratory Preparation.—Add 50 Gm. of Sodium Borate (Na.-
B.O;-10H;0) to 120 ce. of distilled water and bring the solution
to a boil. Filter the boiling solution, and to the filtrate add 30 cc.
of Hydrochloric Acid (7). Stir the mixture well and set it
aside in a cool place for twenty-four hours or until the next labora-
tory period. Collect the crystals on a wetted muslin strainer and
allow them to drain completely. Wash the crude product with a
little cold water and again allow to drain. Weigh the wet mass,
dissolve it in approximately five times its weight of boiling distilled
water and set the solution aside for two or three days to crystallize.
Collect the crystals and wash them with cold water as before, spread
tll:em upon bibulous (absorbent) paper and allow them to dry in
the air.

(7) NasB,07.10H,0 + 2HCI — 2NaCl + 4H,BO; 4 5H,0
(381.43) (247.36)

Pharmaceutical Preparations and Uses.—1. Boric Acid (Acidum
Boricum, Boracic Acid), U.S. P. XIII.—Boric acid, when dried over
sulfuric acid for five hours contains not less than 99.5 per cent of
H;BO;. Boric acid is used in solution as a dusting, powder, or
incorporated in ointment bases, to allay inflammation and for its
mild antiseptic properties. It is generally conceded that boric
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acid cannot kill bacteria, but that it will maintain a more or less
sterile condition once it has been established by other agents.
However, in view of its low value as an antiseptic, and because of
its demonstrated toxic nature when taken internally (orally or
parenterally) it has been suggested that boric acid be deleted
entirely from medicinal use.' As proof of its toxic nature one finds
many instances recorded in the literature where fatalities have
octurred followipg (1) its intravenous use by, error when normal
saline solution, etc., is called for; (2) its use orally; again mistakenly,
in baby feedings; and (3) application of the ointment over large
denuded areas (usually burned) of the skin from which appreciable
absorption takes place and produces marked systemic effects.  All
of these fatal cases exhibited a characteristic color of the skin, the
color being most closely described as that of a “boiled lobster.”

2. Kaolin Cataplasm (Cataplasma Kaolini), N. F. VIII.—In
addition to other ingredients, this preparation contains 4.5 per
cent of boric acid.  (Sce p. 438.) :

3. Boroglycerin Glycerite (Glyceritum Boroglycerini), U. S. P.
XIHI.—Boroglycerin Glycerite contains not less than 47.5 per cent
and not more than 52.5 per cent of boroglycerin (C,II,30;). It is
made by dissolving boric acid in glycerin at a temperature between
140° and 150° C. (8). The heating is continued to definite weight
and an equal weight of glycerin added. It is used as a dehydrating
agent and mild antiseptic. Boroglycerin Glycerite was used to
make Suppositoria Boroglycering (Suppositories of Boroglycerin),
N. F. VII. The glycerite of boroglycerin and the glycerin are
mixed well with the melted glycerinated gelatin, poured into well-
oiled, slightly warmed moulds of the required size and shape, and
allowed to stand until the suppositories are firm.

8) H;BO, + C,H(OH); — CGILBO; + 3H0

4. Borie Acid Solution (Liquor Acidi Borici, Saturated Boric Acid
Solution), N. I*. VILL.—This solution contains, in each 100 cc.,
not less than 4.25 Gm. of IIBO; Fifty Gm. of boric acid are
added to 350 cc. of distilled water that has been heated to boiling,
the mixture agitated until solution is effected, and then a sufficient
quantity of cold distilled water immediately added to make 1000 cc.
It is filtered, if necessary, to obtain a clear product. )

The National Formulary notes that upon chilling or upon evapo-
ration of the solvent, Boric Acid Solution tends to deposit crystals
or become slightly turbid because of the formation of minute crystals
of boric acid, which do not readily redissolve except upon heating
the solution. Saturated aqueous solutions of boric acid, prepared at
any temperature, are quite unstable, in that a reduction of only a
few degrees in the temperature of the solution causes the precipi-
tation of the boric acid in crystalline form.2 These crystals in sus-

tJ. AL M. A, 129, 333 (1945).
2 For this reason some manufacturers supply a solution containing not less than
3.5 per cent boric acid.
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ension preclude the use of the solution for ophthz}lmlc purposes.
'Ii‘he con(ﬁentration of boric acid in Boric Acid bjO]l.ltlon. (about 4.25
per cent) is reasonably stable for the usual variations n household
temperatures. For external use, the solution may be used undiluted,
except for ophthalmic use, for which purpose 1t may be diluted with
an equal volume of sterile distilled water. The dllgtwn of Fhe
saturated solution, in addition to guarding against the mtr()(.iuctlon
of crystals into the eye, also renders the solution approxnnatel.y
isotonic, thus minimizing any irritant effect due to a hypertonic
solution. .,

5. N. F. Antiseptic Solution (Liquor Antisepticus N. F., Lister’s
Solution), N. F. VIIL.—"This is a hydroalcoholic solution containing
2.5 per cent boric acid and lesser amounts of thymol, chlorothymol,
eucalyptol, methyl salicylate, oil of thyme, and menthol. Its
principal use is as an antiseptic mouth wash. The N. F. notes that
specially denatured alcohol, Formula No. 38-B (100 gallons of ethyl
alcohol must contain 6 pounds of boric acid and 1} pounds each
of thymol, chlorothymol, and menthol), has been approved by the
U. S. Treasury Department as suitable for use in this preparation
provided that adjustment be made for the quantities of the formula
ingredients present in the denatured aleohol. Tor oral or external
use—-undiluted.

6. Compound Zinc Sulfate Powder (Pulvis Zinci Sulfatis Composi-
tus, Antiseptic Powder N. I. V., Soluble Antiseptic Powder), N. F.
VIII.—This powder contains 86.6 per cent of boric acid and lesser
quantities of salicylic acid, phenol, eucalyptol, menthol, thymol,
and zinc sulfate (12.5 per cent). It is sometimes used as a dusting
powder. More often, its aqueous solution is used as a mild, astrin-
gent, antiseptic douche.

7. Boric Acid Ointment (Unguentum Acidi Borici, Boracic Acid
Ointment), U. S. P. XIII.—Boric Acid Ointment contains not less
than 9 per cent and not more than 11 per cent of H;B30,. The
boric acid is levigated with wool fat to a smooth paste, and then
the mixture is incorporated with the white ointment containing wool
fat (5 per cent), white wax (5 per cent), and white petrolatum (80
per cent). It is used in the treatment of many skin diseases (eczema,
impetigo, erysipelas, etc.), and also in the treatment of other skin
lesions (burns, bedsores, etc.). Its use by the armed forces in the
treatment of burns was authorized at the beginning of the last war,
but this action was rescinded in the face of the demonstrated toxicity
of boric acid.

HYDRIODIC ACID AND HYDROGEN IODIDE
Diluted Hydriodic Acid, U. S. P. X111

Formula, HI. Molecular Weight, 127.93

History and Occurrence.— Clément and Desormes identified hydro-
gen iodide in 1813. During the same year it was investigated by
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Gay-Lussac. The acid was introduced into medicine by Dr. Buch-
anan, Junior Surgeon of the Glasgow Infirmary, primarily as a less
irritant means of administering iodine. In his own words “It ap-
peared to me, however, that it would be well to save the stomach
the labor of preparing hydriodic acid, by giving, for the purposes of
medicine, not free iodine, but the hydriodic acid itself.” Very
small amounts of hydrogen iodide have been found in volcanic gases.

Physical Properties.—Hydrogen iodide is a colorless gas having a
penetrating odor. It fumes strongly upon exposure to air and is
readily liquefied at 0° C. under a pressure of 4 atmospheres. Liquid
hydrogen iodide boils at —35.5° C., and has a specific gravity of
2.847 at 22..  When further cooled, it becomes a solid which melts
at —50.9° C. Both gaseous and liquefied hydrogen iodide are non-
conductors of electricity. It is exceedingly soluble in water. One
volume of H,O at 10° C. and 760 mum. pressure dissolves 425 volumes
of HI, giving a 70 per cent solution. At 127° C., a 57 per cent
solution distils without decomposition.

The U. S. Pharmacopeeia XIIT Diluted Iydriodic Acid is a
colorless or not more than a pale yellow, odorless, aqueous liquid,
having a specific gravity of about 1.100 (25° C.). Decomposition
of the diluted acid is retarded by the presence of about 0.8 per cent
of hypophosphorous acid.

Chemical Properties.—IIydrogen iodide (gaseous I1T) is the least
stable of the hydrogen halides, decomposing into H, and I, at
elevated temperatures (1).

(1) 2HI =211, + L,
It burns readily with O to liberate I, and H,0 (2).

Hydriodic acid (aqueous solution of HI) behaves in most respects
like hydrochloric and hydrobromic acids (i. e., as a strong acid),
but is the least stable of the hydrohalide acids. Aqueous solutions
are colorless when freshly prepared, but assume a brown color on
standing because of the liberation of free jodine (2). Hydriodie
acid readily reacts with Cl, and Br. to liberate I, (3) (4).

3) 2I-+ Xo 22X+ L (X = Clor Br)
or written molecularly
4) 2T + X, 220X + I,

Because hydriodic acid is a powerful reducing agent it has been
used for that purpose by organic chemists. o
Tests for Identity.—1. Aqueous solutions of hydrogen iodide are

strongly acid to litmus paper. o .
2. Hydriodic acid unites with all metallic oxides and hydroxides

(except Cr:0;) to form iodides.
1 Am. J. Pharm., 3, 175-6 (1838).
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3. When chlorine water is added drop by drop to an aqueous
solution of hydrogen iodide or a soluble iodide, the s‘olutlon. is
colored yellow to red, due to liberated iodine (5). When this so.lutl.on
is shaken with chloroform, the latter is colored violet. The iodine
thus liberated gives a blue color with starch 'I'.S.

(6) 2HI + Cl, — 2IIC1 + L,

4. Silver nitrate test solution produces a yellow, curdy precipitate
of silver iodide (6) which is insoluble in nitric acid and in ammomia
T.S.

(6) HL + AgNO, —» Agl | + 1INO,

Commercial Manufacture.— Ilydrogen iodide may be prepared by
the direct union of its elements in the presence of a catalyst. This
process involves the passing of hydrogen and iodine vapors over
heated platinum black (7).

(7) Hy + L = 2HI

The union takes place slowly and, since the reaction is a decidedly
reversible one, always remains incomplete. The product obtained
in this manner is impure and unsatisfactory from a medicinal
standpoint.

Hydrogen iodide cannot be prepared by the action of sulfuric
acid on an iodide because it is very unstable, parting with its
hydrogen with ease, and reducing the sulfuric acid. The primary
product of the reduction is IS (8). As soon as the temperature
has been raised sufficiently by the heat of reaction, nearly all of the
hydrogen iodide is oxidized. Sulfur is frequently precipitated, due
to a secondary reaction between the hydrogen sulfide and the sul-
furic acid (9), and between the sulfur dioxide so formed and the
excess of hydrogen sulfide present (10).

(8) H,SO, + SHI — H,S T + 4ILO + 41,
(9) 1LS + H,S0, — SO, 1 + 2H,0 + S |
(10) SO, + 2H,S — 2H,0 + 38 |

Hydrogen iodide may be prepared by the action of hydrogen
sulfide upon iodine in aqueous suspension (11).

(11) HyS + I, — 2HI + S |

The precipitated sulfur is filtered off and the liquid concentrated
to about 57 per cent of HI by distilling off the water.

Hydrogen iodide is usually made by mixing amorphous (red)
phosphorus and a large excess of iodine and allowing water to drop
slowly upon them (12). The reaction starts easily and the gaseous
hydrogen iodide is freed from iodine vapors by passing the gas
through a tube containing amorphous phosphorus.

(12) PIL + 3H,0 — 3HI + P(OH),
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Laboratory Preparation.—Dissolve 12.2 Gm. of tartaric acid in
40 ce. of dllutgd alcohol. Transfer the solution to a bottle of about
100 cc. capacity and add a solution of 13.5 Gm. of potassium
iodide in 25 ce. of water and 2 cc. of U. S. P. Hypophosphorous Acid.
Sha}{e the mixture thoroughly, and set it aside for two hours in
an ice-bath (13). [ilter off the crystalline precipitate and wash
the bottle and precipitate with several small portions of diluted
alcohol until the filtrate weighs 100 Gmn. Ileat gently on a water-
bath until all of the aleohol has evaporated, and then add sufficient
distilled water to make the product weigh 100 Gm.

(166.02)  (150.09) (188.18)  (127.93)

Note.—The tartaric acid is dissolvec
more soluble in water) because the alcohol”
of the newly formed potassium bitartrate.
to the reaction mixture also aids in the prec
sium bitartrate, since its solubility decreases
decreases.

If hypophosphorous acid is not available, the correct amount in
the finished Acidum Hydriodicum Dilutum may be obtained by
dissolving 1 Gm. of potassium hypophosphite with the potassium
iodide in the 25 ce. of water and increasing the amount of tartaric
acid from 12.2 Gm. to 13.65 Gm. (14).

(14) KPH,0, + ILCJILO; — HPH0, + KHCLILOg |

ITypophosphorous acid is a powerful reducing agent, and hence
retards the decomposition of the hydrogen iodide. Also, it may
react with any liberated iodine to form phosphoric acid and hydri-
odic acid (15).

Pharmaceutical Preparations and Uses.— 1. Diluted Hydriodic Acid
(Acidum Hydriodicum Dilutum), U. S. P. XIIL—This acid is a
solution containing, in cach 100 cc., not less than 9.5 Gm. and
not more than 10.5 Gm. of HI, and not less than 0.6 Gm. and
not more than 1 Gm. of IPH,0,. Hydriodic acid is said to pro-
duce less stomach disorder than iodides and, like them, is used
for the effect of the iodide ion. A discolored (amber to brown)
acid or syrup should not be administered, as it may produce severe
gastric irritation due to free iodine.

2. Hydriodic Acid Syrup (Syrupus Acidi Hydriodici), U. S. P.
XIII.—This syrup contains, in each 100 cc., not less than 1.3 Gm.
and not more than 1.5 Gm. of III. It is made by diluting Diluted
Hydriodic Acid with distilled water and dissolving sucrose in the
liquid by agitation. The product is filtered. The brown color
which develops in the syrup on long standing is not necessarily
iodine, but may be due to caramelization of the levulose resulting
from acid hydrolysis of the sucrose used in the syrup. This syrup

luted alcohol (it 1s
the precipitation
plication of cold
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is the most commonly administered form of hydnodlc.acxd, and is
much used for its expectorant effect in cough preparations beqause
the iodide ion present stimulates mucous membrane. It is of
particular value in liquefying the tenacious sputum.w.hlch some-
times is associated with bronchitis. Because of the irritant effect
of the iodide ion it is not recommended! that iodide preparations
be used in acute inflammatory conditions of the respiratory mucosa,
but rather that it be reserved for the later stages. It should be used
only long enough to “loosen” the cough. Average dose— 4 cc.
(approximately 1 fluidrachm).

HYDROCHLORIC ACID AND HYDROGEN CHLORIDE
Hydrochloric Acid, U. S. P. XTI

Formula, HCL.  Molecular Weight, 36.47

History. —IIydrochloric acid was first obtained by J. R. Glauber
in 1648. In 1772, Priestley isolated it in the gaseous condition and
thought it was an oxyacid. In 1810, Sir H. Davy showed that it
contained only hydrogen and chlorine.

Occurrence. - Hydrogen chloride is found in the fumes issuing from
active volcanoes in South America and Mexico. When secreted
into the stomach, pure human gastric juice contains from 0.4 to
0.5 per cent of free HCI. This appreciable concentration, however,
does not usually persist for any length of time, as the acid is neutral-
ized by the saliva, the mucus, and the return flow of the contents
of the duodenum to about 0.15 to 0.2 per cent of HCl. The origin
of the HCl found in the gastric juice has never been conclusively
determined. Whether it arises from the parietal cells in the fundus
part of the stomach or whether it is formed by the hydrolysis of
a chloride of some weak base, ¢. g., ammonium chloride, is difficult
to say. Hydrochloric acid is necessary to the principal digestive
function of the gastric juice, e. g., its action upon protein. In Nature,
large quantities of chlorides occur in sea water and in mineral
deposits. Sodium chloride is the source of all commercial hydro-
chloric acid in one way or another.

Physical Properties.—IHydrogen chloride is a colorless gas having
an acrid irritating odor and an acid taste. The density of the gas
is 1.2681 (air = 1) and hence it is about 25 per cent heavier than
air. One liter weighs 1.6394 Gm. On account of its high critical
temperature (52° C.) it can be liquefied by pressure alone. As a
liquid (b. p. —5.8° C.) as well as in the gaseous state, it is a non-
conductor of electricity. Solid hydrogen chloride melts at —111° C.
Its heat of solution is 17,400 (calories per 1 formula-weight of hydro-
gen chloride in unlimited water).

Hydrogen chloride is very soluble in water. Five hundred and
three volumes of the gas dissolve in 1 volume of water at 0° C.
(760 mm. pressure) and 460 volumes of the gas dissolve in 1 volume

! Goodman and Gilman, Pharmacological Basis of Therapeutics. p. 817.
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9f water at 20°C. (760 mm. pressure). In aqueous solution (18°C.)
it is ionized to the extent of 92 per cent in tenth-normal solution
and conducts electricity readily. When a saturated solution of
hydrogen' chloride (43.4 per cent of HCI) is distilled at normal
barometric pressure, the gas is driven off until a concentration of
20.24 per cent hydrogen chloride with a constant boiling-point of
110° C. is obtained. Hydrochloric acid of this strength distils
unchanged, the water vapor carrying over hydrogen chloride in
the same proportion as it exists in the liquid.

Chemical Properties.—Dry hydrogen chloride is quite inactive.
It does not react with any of the non-metals (sulfur, phosphorus,
etc.). Some of the active metals decompose it, forming hydrogen
and the chloride of the metal (1).

(1) 2Na 4 2TCl — 2NaCl + H, 1

Hydrogen chloride combines directly with ammonia to form am-
monium chloride (2).

(2) NII; + HCl — NIILCI

The chemical properties of aqueous solutions of TIC1 are typical
of those of all strong acids. The hydrogen in the acid is displaced
by all metals preceding hydrogen in the clectromotive series (3).

(3) Zn + 2HCl — ZnCl, + M, T

Iydrochloric acid reacts readily with most oxides (4) and hydrox-
ides (5) of the metals to form water and the chloride of the metal.

(4) Fe,O5 4+ 6HCI — 2FeCl, 4 3110
(5) NaOH + IICI — NaCl + H,0

These are known as neutralization reactions. 'The reaction of HCI
with sulfites (6) to form SO, (7) and with carbonates (8) to form
CO; (9) is still another type of neutralization reaction.

(6) NasSO; + 2HCI — 2NaC'l + H,SO, (unstable)
(8) Na,COy + 2HCI — 2NaC'l + H,CO, (unstable)
©) ILCO, — TLO + CO, T

Because it contains the chloride ion, the acid will precipitate from
aqueous solution the water-insoluble chlorides of certain metals,
namely Ag, Pb and Ilg(ous) (10).

(10) AgNO, 4+ HCl — AgCl | + HNO,

Hydrochloric acid is oxidized by strong oxidizing agents (e. g.,
KMnO,, MnO,, etc.), liberating chlorine (11, 12).

(11) 4HCIl + MnO, — MnCl, + Cl, T + 2H:0
(12) 16HCI + 2KMnO; — 2MnCl, + 2KCl 4 5Cl, T +8H,0

Tests for Identity.—1. When Hydrochloric Acid is added to potas-
sium permanganate, chlorine is evolved (12).



110 OFFICIAL INORGANIC ACIDS

2. Hydrochloric acid or its soluble salts precipitate a whlte,.cgrdy
silver chloride from solutions of silver njtrate (10). The precipitate
is insoluble in nitric acid. Silver chloride is soluble‘! in ammonia
solutions as diammino-silver chloride Ag(NTIy).C'l (13).

(13) AgCl + 2NH; — Ag(NH,).Cl

Commercial Manufacture.—Hydrogen chloride may be made (1)
from salt with sulfuric acid, (2) by burning electrolytic chlorine
directly in excess hydrogen, and (3) as a by-product in the chlorina-
tion of hydrocarbons. )

1. The manufacture of hydrochloric acid from salt and sulfuric
acid may be depicted as taking place in two steps (14, 15).

(14) NaCl + H.S0,; — NalISO, + HCI )
(15) NalISO; 4+ NaCl — Na.SO, (salt cake) + HCI

Formerly, the salt cake was used in the manufacture of sodium
carbonate by the Le Blanc Process, but since the advent of the
Solvay Ammonia-Soda Process for manufacturing sodium carbonate
the use of salt cake has diminished greatly and consequently the
production of hydrochloric acid by this method has decreased. The
chief use of salt cake today is in the manufacture of glass.

The hydrogen chloride obtained by the first reaction (14) is
called “pan acid” and is purer and easicr to condense than the
“roaster acid” obtained by the sccond reaction (15). Conse-
quently, the “pan acid” is used principally in the manufacture of
the finer grades of hydrochloric acid, whereas the “roaster acid”
vields the muriatic acids of commerce. Muriatic acid (Latin,
muria, brine) is a yellow liquid containing a number of impurities,
e. g., chlorine, arsenous and sulfurous acids, iron, ete. The color
is thought to be due to ferric chloride and yellow organic coloring
materials. It contains approximately 35 to 38 per cent HCL.  For
a more detailed discussion of this method of manufacture, see the
third edition of this textbook.

2. A large proportion of the hydrochloric acid manufactured
today is made by the burning of clectrolytic chlorine in excess
hydrogen (16) using quartz bunsen burners, or in some comnercial
installations hydrogen is burned in an atmosphere of chlorine.

(16) H, 4 Cl, — 2HCl

The product is 100 per cent HCI which when dissolved in water in
stoneware absorbing systems produces a water-white acid of great
purity.

This method has attained prominence because of the extensive
manufacture of caustic soda by the electrolytic method in which
the by-products are H, and Cl, (see p. 190).

3. Because of the large scale chlorination of hydrocarbons, such

as benzene (17) and pentane, considerable quantities of by-product
HCI are obtained.

(17) CeHs (benzene) + Cl, — CgIT,Cl + TICI
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Essentially, for every mole of Cl, used, a mole of HCI is formed.
The amount of HCI obtained in this way often becomes a problem
to the manufacturer, and cases are on record where the manufacturer
pays to have the hydrochloric acid removed from the premises.

Laboratory Preparation of Dry Hydrogen Chloride.— Pure, dry
hydrogen chloride gas may be prepared by adding U.#. Pharma-
copeeia hydrochloric acid to concentrated sulfuric acid in the follow-
ing manner: A gallon bottle is fitted with a two-hole rubber stopper.
A dropping funnel with a long outlet tube is introduced through
one hole until the end of the tube reaches to within % inch of the
bottom of the bottle. An outlet tube is placed through the other
hole in the stopper. About a liter of concentrated sulfuric acid
is poured into the bottle and the dropping-funnel filled with U. S.
Pharmacopeeia hydrochlorie acid.  The flow of dry hydrogen chlo-
ride gas may be controlled by regulating the amount of hydro-
chloric acid admitted to the bottle. Sulfuric acid has a great
affinity for the water in which the hydrogen chloride is dissolved
and, upon coming in contact with it, liberates the hydrogen chloride.
The hydrochlorie acid must not be run too rapidly into the sulfuric
acid lest the heat developed by the reaction causes the hydrogen
chloride to be liberated with explosive violence.

Laboratory Preparation of Hydrochloric Acid.— Introduce about
30 Gm. of sodium chloride (free from lumps) into an 800 ce. flask,
provided with an outlet-tube and dropping-funnel. The outlet-
tube is connected in series with two condensing bottles containing
distilled water and with a third bottle partially filled with weak
sodium hydroxide solution. Slowly run 36 cc. of concentrated
sulfuric acid into the flask. A reaction takes place immediately
and continues some time without the application of heat (18).
When the reaction slows down, gently heat the reaction mixture for
one-half hour, then remove the burner, disconnect the bottles and
place the flask under a hood.

(18) NaC'l + ILSO, - NaHSO, + HCI T

The hydrogen chloride passes over into the first absorption-bottle
where most of it is absorbed by the water. That which escapes
passes into the second bottle, where the remainder is held in solu-
tion. Any gas coming from the second condensing bottle may he
passed through a weak solution of sodium hydroxide. By adding
a drop of phenolphthalein to the alkaline solution it i> possible to
ascertain whether the gas coming from the second absorption bottle
is free from hydrogen chloride. Determine whether the product in
the condensing vessels responds to all tests for hydrochloric acid.
"The acid formed by the above procedure is not the official acid, but
suffices to illustrate qualitatively the method of preparing it.
Pharmaceutical Preparations and Medicinal Uses.—1. Hydro-
chloric Acid (Acidura Hydrochloricum), U. S. . XIIT.—Hydro-
chloric Acid is an aqueous solution containing not less than 35 per
cent and not more than 38 per cent of HCI (w/w). It is a colorless,
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fuming liquid. The odor and fumes disappear Whgn the a.(:ld 18
diluted with 2 volumes of water. It has a specific gravity of
about 1.18 at 25° C. . .

2. Diluted Hydrochloric Acid (Acidum Hydrochloricum Dilutum),
U. S. P. XIIL.—Diluted Hydrochloric Acid is an aqueous solution
containing, in each 100 cc., not less than 9.5 Gm. and not more tha'n
10.5 Gm. of HCL. It is prepared by mixing 234 cc. of Hydrochloric
Acid with a sufficient quantity of Distilled Water to make 1000 cc.
Diluted Hydrochloric Acid (diluted with 25 to 50 volumes of water)
is administered in gastric achlorhydria (lack of hydrochloric acid
in the gastric juices). The therapeutic dose usually given is not
sufficient to cause the secretion of natural hydrochloric acid in the
stomach, but it does appear to give some relief from the achlor-
hydria. Certain investigators feel that sufficient acid should be
administered at each meal to cause the appearance of the free
acid in the gastric juices. This necessitates a dose of approximately
10 cc. of the Diluted Hydrochloric Acid in contrast to the usual
dose of about 1 or 2 ce. In any event, the acid should be taken
in a diluted form through a drinking tube to minimize the danger
of its solvent action on the enamel of the teeth. To avoid this
difficulty, the preparations such as glutamic acid hydrochloride
(HOOC(CH,).CII(NII;) COOH.HCl) and betaine hydrochloride
(CsHuO.N . HCI) have been advocated. These compounds are
crystalline and may be administered in capsule form. They liber-
ate HCl in the stomach, the glutamic acid residue being metabolized
at the same time. Average dose---4 cc. (approximately 1 fluidrachm).

3. Ipecac Fluidextract (Fluidextractum Ipecacuanhz), U. S. P.
XIII.—Hydrochloric acid is added to this preparation in a 3.5 per
cent concentration following extraction of the drug with an aleoholic
menstruum to provide a definite acid reaction. This is for the
purpose of stabilizing the fluidextract with respect to its alkaloidal
content. Average dose—Emetic, 0.5 cc. (approximately 8 minims).

4. Aconite Fluidextract (Fluidextractum Aconiti), N. I*. VIII.--
Hydrochloric acid is used in Aconite Fluidextract for the sole
purpose of adjusting the pH so that it falls within the range of
2.75 to 3.25. At this pH it has been shown that the fluidextract
retains its alkaloidal potency for the longest period of time. It
has been used to some extent to slow the pulse and to reduce fever,
but with no scientific support. Average dose—0.06 cc. (approxi-
mately 1 minim).

5. Aconite Tincture (Tinctura Aconiti, Tinctura Aconiti P.I.),
N. F. VIII.—Hydrochloric acid is used in this tincture, as in the
fluidextract, for the purpose of adjusting the preparation to a pH
of 3 = 0.2 for stability purposes. Average dose—0.6 cc. (approxi-
mately 10 minims).

6. Arsenious Acid Solution (Liquor Acidi Arseniosi, Hydrochloric
Solution of Arsenic, Arsenic Chloride Solution), N. F. VIII.—
Fifty cc. of Diluted Hydrochloric Acid is required to prepare
1000 cc. of Arsenious Acid Solution. The function of the Diluted
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/Hydrochl(.)ric Acid is to convert the arsenic trioxide (As:Os) to
arsenic trl(‘hl()l:ldC (AsCly), which on dilution with water will hydro-
lyze at least in part to arsenious acid (H;AsO;). (See p. 512.)
Average dose— 0.2 cc. (approximately 3 minims).

7. Compound Cinchona Tincture (Tinctura Cinchonz Composita),
N. F. VIIL.—Hydrochloric acid is used in this preparation (1) to
facilitate extraction of the alkaloids of cinchona as the water-
soluble hydrochlorides as well as (2) to keep them in solution once
they have been extracted. The preparation is used principally
as a bitter tonic and the presence of the mineral acid makes it of
some service in the treatment of atonic dyspepsia. Average dose—
4 cc. (approximately 1 fluidrachm).

8. Lirgot Ixtract (Extractum Ergote), N. F. VIII—Hydrochloric
acid is used in the extraction of the ergot alkaloids from defatted
ergot. The menstruum used is composed of 2 volumes of hydro-
chloric acid and 98 volumes of diluted alcohol. Ergot and its
preparations are used for the powerful stimulating and, therefore,
constrictor effect thev have on the pregnant uterns. It is also
often used in the third stage of labor as a precaution against post-
partum hemorrhage. Average dose--0.5 Gm. (approximately
7% grains).

9. Irgot Fluidextract (Fluidextractum Ergote, Extractum secalis
cornuti fluidum acidum . 1.), N. IF. VIII.—Hydrochloric acid
is used in the menstruum in the same concentration and for the
same purpose as in Ergot Iixtract (¢. .), namely, to insure more
complete extraction of the alkaloids. The hydrochloric acid re-
mains in this preparation whereas it is removed more or less com-
pletely by evaporation in the preparation of the extract. Average
dose—2 ce. (approximately 30 minims).

10. Ipecac Tincture (Tinctura Ipecacuanhz, Tinctura Ipecacu-
anhe P. 1.), N. I". VIII.—Fifteen ce. of Diluted Hydrochloric Acid
is required in the preparation of 1000 ce. of Ipecac Tincture. The
hydrochloric acid is used to insure complete solubility of the alka-
loids of ipecac, 1. ¢., emetine and cephweline. Average dose—0.6 cc.
(approximately 10 minims).

11. Nitrohydrochlorie Acid (Acidum Nitrohydrochloricum, Nitro-
muriatic Acid, Aqua Regia), N. I'. VIIL.—Nitrohydrochloric Acid
is a concentrated aqueous solution containing hydrochloric acid,
nitric acid, nitrosyl chloride, and chlorine. This acid is effective
in activating pepsin, and is also belicved to stimulate the flow of
bile. It is used to some extent in subchlorhydria and in cholangitis.
The acid is administered in a well-diluted form, but should be
freshly prepared. Average dose—0.2 cc. (approximately 3 minims).

12. Diluted Nitrohydrochloric Acid (Acidum Nitrohydrochloricum
Dilutum, Diluted Nitromuriatic Acid), N. F. VIII.—Diluted Nitro-
hydrochloric Acid is a diluted aqueous solution containing hydro-
chloric acid, nitric acid, nitrosyl chloride, and chlorine. It is pre-
pared by diluting 220 cc. of Nitrohydrochloric Acid with sufficient
Distilled Water to make 1000 cc. Tts use is the same as that of the

8
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more concentrated acid. Average dose—1 cc. (approximately
15 minims). -

13. Nuz Vomica Tincture (Tinctura Nucis Vomice, Tinctura
Strychni P. 1.), N. F. VIII.—This tincture C(_)nt:}ins a small amount
(3:75 per cent) of Hydrochloric Acid in the liquid used to macerate
the drug prior to percolation. This acid converts thf:.alk.alonds to
the more soluble alkaloidal hydrochlorides, thus facilitating their
extraction. The liquid used for adjusting the alkaloidal content
of the finished preparation also contains a small amount of hydrf)-
chloric acid. Previous to the use of hydrochloric acid, the acid
in common use was acetic acid. It is claimed by some that acetic
acid is superior to hydrochloric acid inasmuch as it gives rise to
less color in the product than does hydrochloric acid with no loss
of alkaloidal potency. Average dose—1 cc. (approximately 15
minims).

14. Pentobarbital Elizir (Elixir Pentobarbitali), N. . VIII.—
Six ce. of Diluted Hydrochloric Acid are used in this preparation
to prepare 1000 cc. of the elixir. The function of the hydrochlorie
acid is to just exactly neutralize the 4 Gm. of Pentobarbital Sodium
also present in the elixir. This gives rise to the free pentobarbital
(non-official) together with a small amount of sodium chloride.
Average dose—4 cc. (approximately 1 fluidrachm).

15. Podophyllum Resin (Resina Podophylli, Podophyllin), N. F.
VIII.—The percolate from the complete percolation of Podophyl-
lum with alcohol is concentrated to a thin syrup and this is poured
with stirring into 1000 cc. of water containing 10 cc. of Hydrochloric
Acid. The acidulated water is cooled before the precipitation
procedure. The acid water is said to give a greater yield of resin
than distilled water. Average dose—10 mg. (approximately § grain).

HYPOPHOSPHOROUS ACID
Hypophosphorous Aeid, U. S. P. X111

H
|
Formula, HPH,0,; HO-—P=0). Molecular Weight, 66

|

H
History and Occurrence.— Hypophosphorous acid was discovered
in 1816 by Dulong. I. Rose investigated it more thoroughly in
1826. In 1874, Thompson obtained it in crystalline form. It does
not occur in Nature. The acid, in the form of its salts, was “intro-
duced by Churchill, 1855, against tuberculosis on the theory that
phthisis is caused by lack of oxidation and that this would be stimu-
lated by organic phosphorus; and that the hypophosphites would
be converted into this ‘phosphatide element.” On the basis of this
fantastic theory, they were considerably used as tonics in tubercu-

losis.”"
! Sollmann: A Manual of Pharmacology, 6th ed., p. 883,
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Physical Properties.— At ordinary temperatures, pure hypophos-
phorous acid is a colorless, syrupy liquid having a specific gravity
of 1.493 at 18.8° C. At 17.4° C. it becomes a white crystalline
solid which melts at 26.5° C. It is soluble in water.

The official hypophosphorous acid is a colorless or slightly yellow,
odorless liquid, containing not less than 30 per cent and not more
than 32 per cent of HPH,(.. It has a specific gravity of about
1.130 at 25° C.

Chemical Properties.—The chemical properties of the acid may be
considered as falling chiefly into the following categories: (1) acidic
properties, (2) reducing properties and (3) decomposition of the acid.

1. The acid acts as a monobasic acid because only one of the
three hydrogens present in the formula is ionizable (1).

(1) IIPIIz()g + HzO = H30+ + PHg()z_

It may be neutralized with metal hydroxides or carbonates (2) to
form the corresponding hypophosphite salt.

(2) 2}11)]]202 + Nilg(‘()x - 2NaPH2()2 + Hg() + (‘OQT

It is a sufficiently strong acid to react with some of the metals, such
as zinc (3) and iron, to form hydrogen and the corresponding
hypophosphite.

(3) Zn + 2}{]’112()2 e ZI](PHZ()2)2 + II-),T

All salts of the acid are soluble in water except ferric hypophosphite.

2. Hypophosphorous acid is readily oxidized to form phosphoric
acid and, therefore, acts as a powerful reducing agent. An example
of its reducing action as applied to a pharmaceutical preparation
has been cited under the discussion of hydriodic acid, in which
preparation it acts to reduce any free iodine formed back to the
iodide (4).

Because of its reducing property, the acid has been used for the
preservation of Ferrous Todide Syrup, in which capacity it acts
to reduce free iodine and ferric ion back to iodide and ferrous ion
respectively (see p. 613).

When heated to 60° C. with a solution of CuSQs, a reddish
precipitate of impure cuprous hydride (Cu,H:) is forimed (5). If
the solution is boiled, the hydride decomposes to metallic copper
and hydrogen.

(5) 2CuSO; + 2HPH,0, + 41,0 — 2H;PO, + CuwH, | +
9H,S0, + H, 1

Solutions of potassium permanganate are immediately decolor-
ized through reduction with hypophosphorous acid (6).

5H;PO, + 6H:0O
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The acid will form a white precipitate with merCl_lric chloride
solutions (7), and in the presence of an excess of the acid the reduc-
tion causes the formation of free mercury (8).

(7) HPH,0, + 4HgCl, 4 21,0 — H;PO, + 2Hg:Cl: | + 4HCI
(8) HPILO, + 2Hg,Cl, + 2H,0 — H,;PO, + 4Hg | + 4HCI

There are many other examples of reduction with hypophosphor-
ous acid, but the above represent most of the important ones.
One can readily see from the above reactions that any reducible
substance (oxidizing agent) combined with the acid would constitute
an incompatibility.

3. When concentrated hypophosphorous acid is heated between
130° and 140° C., it decomposes into phosphorous acid (H;POs)
and hydrogen phosphide (phosphine) (9).

(9) 31PILO, — PIT, 1 + 2ILPO,

The phosphine is ignited on contact with air (10), because it is
assoclated with the spontancously inflammable phosphorus di-
hydride (PH; or >,Hy) which forms simultaneously in small amounts.
Pure phosphine does not ignite on contact with air.

(10) 2PI, + 40, — 2HPO, + 2110

Tests for Identity.—-1. It is acid to litmus even in a highly diluted
form.

2. It responds to all the tests for hypophosphite ion:

(@) When heated it liberates spontancously inflammable phos-
phine (9) (10).

(b) It yields a white precipitate with mercuric chloride T.S. (7).
This precipitate becomes gray with an excess of hypophosphorous
acid because mercurous salt is easily reduced to free mercury (8).

(¢) It gives a red precipitate of Cu.H, when warmed with copper
sulfate T.S. (5).

Commercial Methods of Manufacture.—Ilypophosphorous acid is
made commercially in three ways:

1. By decomposing boiling aqueous solutions of calcium hypo-
phosphite with oxalic acid (11), filtering off the insoluble calcium
oxalate and concentrating the acid filtrate in vacuum.

(] 1) Ca(PI1202)2 + Hg(‘qo‘; . 2H20—">C30204 . I‘Izol +2HPH202+ }120
(170.07) (126.07) (146.10)  |(66.00) (18.016)

2. By mixing a concentrated aqueous solution of potassium hypo-
phosphite with a hydro-alcoholic solution of tartaric acid (12), allow-
ing the mixture to stand at 5° C. for twenty-four hours, separating
the insoluble potassium bitartrate, washing it with diluted alcohol
and concentrating the filtrate.

(12) KPHzOz + I‘IzC4H4Oe -—> I’]PI‘IzOz + KI’IC4H40sl
(104.09)  (150.09)  (66.00) (188.18)
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3. By gently heating white phosphorus in an open dish with
baryta water until hydrogen phosphide (PH;—very poisonous)
ceases to be evolved (13). The excess of barium ion is precipitated
by passing in carbon dioxide (14). After filtering, the liquid is
evaporated until the barium hypophosphite crystallizes out.  This
is dissolved in water and decomposed with the theoretical amount
of sulfuric acid (15). The mixture is filtered and the filtrate evapo-
rated in an open dish, care being taken not to heat the liquid over
110° C.  Upon cooling, white crystalline hypophosphorous acid
separates out.

(13) 8P + 3Ba(OH), + 61LO — 3Ba(PH,0.), + 2PI1, T
(14) Ba(OH), + CO, — BaC0O; | + 1LO
(15) Ba(PH0.). + HaSO, — BaSO, | + 211PILO,

The U. S. Pharmacopeeia gives appropriate tests for barium, oxa-
lates, heavy metals, and arsenic (from sulfuric acid) because of the
above methods of manufacture.

Laboratory Preparation.—Dissolve 50 Gm. of calcium hypophos-
phite in 300 cc. of boiling water. Add a solution of 37 Gm. of
oxalic acid in 150 ce. of water and digest the mixture for one hour
on a water-bath. Iilter off the caleium oxalate and test the filtrate
for oxalate ion by adding 1 ce. of calcium chloride test solution to
10 ce. of the filtrate (no turbidity). Concentrate the oxalate-free
filtrate on a water-bath to 55 c¢c. The product should contain
about 31 per cent of IIPTLO, and respond to all the tests for hypo-
phosphorous acid.

Pharmaceutical Preparations and Uses.— 1. Iypophosphorous Aeid
(Acidum Hypophosphorosum), U, S. P. XIII.--Hypophosphorous
Acid should contain not less than 30 per cent and not more than
32 per cent of HPIT,0,. It is a powerful reducing agent, and hence
is used in medicinal preparations to prevent oxidation and resulting
decomposition of various ingredients, e. g., hydriodic acid in hydri-
odic acid syrup, ferrous iodide in ferrous iodide syrup, ete. The
acid itself is rarely administered internally, but has enjoyed some
popularity in the form of its salts. The use of hypophosphites
has been quite conclusively proven to be of little value inasmuch
as they pass through the body virtually unchanged. At one time
it was thought that compounds of this type would be more easily
assimilated by the body, particularly in nerve and hrain tissue.
This unwarranted assumption has been responsible for their use as
nerve tonics.

2. Diluted Hydriodic Acid (Acidum IHydriodicum Dilutum),
U. S. P. XIII.—(See p. 107.)

3. Ferrous Iodide Syrup (Syrupus Ierri Iodidi, Sirupus ferrosi
iodidi concentratus P. 1.), N. F. VIII.—In addition to other
ingredients, Ferrous Iodide Syrup contains § cc. of official hypo-
phosphorous acid in each 1000 cc. of the syrup to protect it from
oxidation (see p. 613).
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4. Hydriodic Acid Syrup (Syrupus Acidi Hydriodici), U. S. .
XIII.—(See p. 107.) ) .

5. Hy(pophgsphites Syrup (Syrupus Hyp.ophosphltu'm), (Il\] l‘
VIII.—Hypophosphites Syrup contains, besides other ingredients,
1 cc. of hypophosphorous acid in each 1000 cc. of the syrup. In
this syrup it promotes and maintains the solubility of the sal.ts.

6. Compound Hypophosphites Syrup (Syrupus H'ypopl}osphltum
Compositus), N. F. VIII.—In addition to other mgredlents,. t}}e
compound syrup contains 5 cc. of official hypophosphorous acid in
each 1000 cc. of syrup for the solubility effects stated above, and
also to solubilize the quinine and strychnine alkaloids occurring in
the syrup.

NITRIC ACID AND HYDROGEN NITRATE
Nitric Aeid, N. F. VIII
)

/
Formula, HNO;; H—O—N 4 Molecular Weight, 63.02

Yo

History and Occurrence.—Nitric acid is mentioned in the *De
Inventione Veritatis” ascribed to Geber in the eighth century. It
was made by calcining a mixture of niter, alum and blue vitriol.
Nitric acid was described by Albert le Grand in the thirteenth cen-
tury, and later by Raimon Lull. 'The latter obtained it by heating
potassium nitrate and clay, and he called the product “eau forte”
(strong water). The character of nitric acid was not determined
antil the eighteenth century, when A. L. Lavoisier (1776) proved
that it contained oxygen. In 1784 H. Cavendish determined its
constitution and showed that it could be made by clectrical dis-
charges through moist air. About 1684 Glauber devised the process
in use today, viz., the distillation of niter with concentrated sulfuric
acid.

This acid exists to a slight extent in some waters, the air (after
a thunderstorm) and in the humus of the soil. In combination with
sodium, potassium, ammonium, magnesium and calcium, nitric
acid occurs widely distributed in Nature. When animal or vegetable
matter decomposes, ammonia and other nitrogenous products re-
sult. Through the agency of nitrifying bacteria, these products of
putrefaction are oxidized to nitric acid, which in turn reacts with
the mineral constituents of the soil to form nitrates. These nitrates
occur in immense deposits (5 feet thick, 2 miles wide, and 220 miles
Jong) containing from 20 to 60 per cent of sodium nitrate in rain-
less desert regions of Peru and Chilean Bolivia. Smaller deposits
of potassium nitrate, or Bengal saltpeter, occur in Spain, the trans-
Caspian region, India, Persia and other oriental countries.

Physical Properties.—Hydrogen nitrate (anhydrous HNOy) is a
colorless, mobile, strongly fuming liquid. It has a specific gravity
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of 1.502 at —’q?—i: and boils at 86° C. At this temperature it begins
to decompose into water, oxygen and nitrogen dioxide (1).

(1) 4HNO; — 4NO, 1 + 2H,0 + 0, 1

Hydrogen nitrate may be converted to a solid with a melting-point
of —42° C. Concentrated nitric acid forms a constant boiling mix-
ture with water. This mixture boils at 121.6° C. (251° F.), con-
tains 68 to 68.5 per cent of nitric acid, and has a specific gravity
of 1.41 at 25° C. It is exceedingly hygroscopic and corrosive. On
mixing nitric acid with water there is a rise in temperature and a
contraction in volume. It is miscible in all proportions with water.

Chemical Properties.—The chemical properties of nitric acid may
conveniently be classified in three groups: (1) acidic properties,
(2) oxidizing properties, (3) nitrating properties.

1. Hydrogen nitrate, when dissolved in water, is highly ionized,
and is therefore a strong acid (2).

(2) HNO:i + IIg() d H3()+ + N()3_

Because of this property it neutralizes bases just as does any other
substance capable of forming hydronium ions (3).

(3) OH- + H,0+ — 21,0

Whenever it can exhibit its property of reacting with a metal oxide
to formn the nitrate without effecting an oxidation it is again ap-
parent that its activity is that of an acid (4).

(4) Zn() + 2}1N(,); —> Zn(N();;)z + 112()

2. Nitric acid acts as an oxidizing agent on both metals and
non-etals in many cases, even in very dilute solutions. It attacks
all common metals except gold and platinum under favorable con-
ditions. ‘The manner in which it reacts with metals is greatly
influenced by the concentration of the acid, and also by the position
of the metal in the electromotive series with respect to hydrogen.
For example, when copper (below hydrogen in the electromotive
series) is dissolved in concentrated nitric acid the main by-product
is NO, (5).

(5) Cu + 4HNO; — Cu(NOy). + 2110 + 2NO, T
However, the dilute acid gives as the main by-product nitric oxide
(NO) (6).

(6) 3Cu 4 S8HNO; — 3Cu(NOy); + 2NO T + 4H:0
[t is not surprising that the above reactions take place because if
NO did form in the first reaction (5) it would necessarily bubble

through concentrated acid on its way out of solution and would
very likely be oxidized to NO; (7).

(7) NO + 2[INO; — 3NO; T + H.0

If one adds equation (7) to equation (6) it is readily apparent that
equation (5) results.
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On the other hand, if zinc (above H in the ele{:tromotlvq sen.es)
is treated with concentrated acid it yields ammonia (8), which m-
mediately comdines to form ammonium nitrate.

(8) 4Zn + 10HNO; — 4Zn(NOy), + 3H:0 + NIL T
The dilute acid with zine yields principally nitrous oxide (N.0) (9).
(9) 4:Zl'l + 1OHN(){ hand 4ZII(N03)2 + 5H20 + NgOT

These reactions may be explained by the fact that hydrogen )vould
be formed by any acid reacting on a metal above hydrogen in the
electromotive series (10).

(10) Zn + 2HNO3 nd Zﬂ(NOa)g + H-),T

However, this hydrogen is a strong reducing agent and is in contact
with nitric acid (a strong oxidizing agent) thus affecting a more or
less complete reduction of the nitric acid, yielding in one case
NII; (11), and in the other N;O (12).

(11) HNO; + 4H, — NH; + 3H,0
(12) 2HNO; 4+ 4H, — N,O + 511,0

If equation (11) is added to equation (10) the result is equation (8),
illustrating the action of concentrated nitric acid on Zn. Likewise,
if equation (12) be added to equation (10), the result is equation (9),
which expresses the reaction of dilute nitric acid on Zn.

Non-metals are also readily attacked by nitric acid as illustrated
by these typical equations (13, 14).

(13) S + 2IINO; — H,S04 4+ 2NO 7
(14) 3P 4+ 5IINO; 4 2H.O — 3H, P04 4 5NO 7

3. Nitric acid is utilized cxtensively as a nitrating agent for
organic compounds, usually in the form of *“mixed acid” (nitric
acid and sulfuric acid mixed in varying proportions at the acid
plant for any specific nitrating job). IFor example, it is used to
nitrate glycerin in the preparation of nitroglycerin (15).

(I:H.,,0|I"iw HO —NO, CILO-NO,
(15) (l3110|}_"1;{f@-—1\102 — CH—0-NO, + 3IL0
CHOH HO—NO. CILO—NO;

The purpose of the sulfuric acid in “mixed acid” is to bind the
water formed in the nitrating reaction, thus preventing dilution
of the nitric acid. The group —NO; is a nitro group.

Tests for Identity.—1. Nitric acid responds to the tests for nitrates.

(a) Mix the diluted nitric acid or solution of a nitrate with an
equal volume of concentrated sulfuric acid and allow to cool. Now
add a concentrated solution of ferrous sulfate in such a way that
the two liquids do not mix. In the presence of nitric acid or a
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nitrate, a pl}rp!e ring, changing to brown, will form at the junction
of the two liquids (16, 17).

(16) 61eSO, + 2HNO, + 311,50, — 2NO + 3Fes(SO,); + 4H,0
(17) FeSOs + NO — FeSO,-NO

This test is commonly known as the “ brown ring” test. The com-
position of the brown material (FeSO,-NO) is not known with cer-
tainty and equation (17), therefore, is not necessarily an accurate
representation of what takes place.

(b) Nitric acid gives oft brown fumes of NO, when it reacts with
silver (18), copper (5), and other metals.

(18) 3Ag + 41INO; — 3AgNO; + NO T + 2110

It 1s to b(:,‘ noted that whenever nitric oxide is formed in a reaction
it is readily detected (although colorless) by its easy oxidation to
brown NO: (19).

(19) 2NO + O, — 2NO,

(¢) Nitrates do not decolorize acidified potassium permanganate
(distinction from nitrites).

2. Nitric acid stains woolen fabrics and animal tissues yellow
because substances high in protein, e. ¢., egg albumen, skin, hair,
silk, ete., are acted upon by nitric acid, forming a yellow nitro
compound known as wanthoprotein.

3. To a solution to be tested add a drop or two of a solution of
I per cent diphenylamine in concentrated sulfuric acid. A blue
color indicates nitric acid or nitrates.

Commercial Manufacture.— Nitric acid may be prepared com-
mercially by (1) treatment of Chile saltpeter with sulfuric acid or
(2) by the oxidation of ammonia.

1. Until about 1930, a great proportion of nitric acid production
was based on this method. At the present time the oxidation of
ammonia accounts for almost all of the nitric acid produced. Chile
saltpeter (NaNQ,) is treated with sulfurie acid (a non-volatile acid)
forming hydrogen nitrate (20).

(20) NaNO; 4+ H.SO, — NaHSO4 + HNO;

Although it is possible to causc still further reaction between the
sodium hydrogen sulfate and sodium nitrate (21, to produce
another mole of hydrogen nitrate it is not customary to do this
beeause it is easier to run off the liquid sodium hydrogen sulfate
than to remove a solid sodium sulfate.

(21) NaHSO; + NaNO, -» Na.,S50, + HNO;

The acid sodium sulfate produced is used in the production of other
heavy chemicals.

For a more extensive discussion of nitric acid manufacture see
previous edition of this texthook.
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2. As previously pointed out, approximately 90 per cent of the
world production of nitric acid is by the ammonia oxidation process
(Fig. 9). The ammonia is prepared on a large scalc through the

GAS INLET

STEEL
SHELL

PLATINUMS
GAUZE

WINDOW }-

FIRE BRICK

QUARTZ
. PLATE

|- 2N

N\
.l\
!

GAS OUTLCZT

Fia. 9. - Catalyst Chamber for Ammonia Oxidation. (By permission from Badger
and Baker, Inorganic Chemical Technology, Copyrighted, 1941, by McGraw-Hill
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Haber Process or some modification of it (22). The oxidation of
the ammonia is accomplished by the Ostwald Process, in which
ammonia is mixed with air (21 per cent of O,), the mixture heated
and rapidly passed through a fine wire gauze of activated platinum
raised to a glowing heut. Better than 95 per cent of the ammonia
is oxidized to NO, and then to NO, (23, 24), which is absorbed by
water to form nitric acid (25).

(23) 4NH; + 50, — 4NO + 6H,0
(24) 2NO + O, — 2NO,
(25) 3NO, + H,0 — 2HNO; + NO

The only disadvantage of this method is that it produces nitric
acid of only 50 to 60 per cent concentrations, whereas for many



NITRIC ACID AND HYDROGEN NITRATE 123

ixldu:strial operations an acid of 98 to 99 per cent concentration is
required. Ilowever, methods have been devised to concentrate
the dilute acid to any specified concentration.

Laboratory Method of Preparation.—As previously stated, nitric
acid is made by the action of concentrated sulfuric acid upon
sodium nitrate (20). This reaction may be illustrated on a small
scale by placing 50 Gm. of sodium nitrate in a retort of 300 cc.
capacity, and adding 45 Gm. of concentrated acid previously diluted
with 13 cc. of water. If necessary, the contents are heated to
promote the reaction. Impure nitric acid distills over (contaminated
chiefly with N(),) and should be condensed in a well-cooled receiver.
The distillate should respond to all tests for nitrie acid.

Pharmaceutical Preparations and Uses.—- 1. Nutric Acid (Acidum
Nitricum), N. I. VIII.—Nitric Acid contains not less than 67 per
cent and not more than 71 per cent of HNQ;. It has a specific
gravity of about 1.41 at 25° C. It boils at 120° C. and is volatil-
ized completely when heated on a stcam bath. Nitric acid is used
in the manufacture of sulfuric acid (q. v.), coal-tar dyes, explosives,
nitrates, etc. It is used as an oxidizing agent in the manufacture
of pharmaceutical preparations (Ferric Sulfate Solution, Mercuric
Nitrate Ointment, cte.), and externally to destroy chancres, warts,
and phagedenic ulcers (rapidly spreading and sloughing ulcers).
It is rarely, if ever, prescribed for internal use, although nitric
acid is a suitable substitute for hydrochloric acid in gastric achlor-
hydria.

Nitric acid is a highly corrosive liquid. In contact with the
skin, mucous membranes, eyes, gastro-intestinal tract or respiratory
mucosa in liquid form (as a spray or splash) or as a vapor, the acid
penetrates the tissues, causing destruction proportionate to the
concentration of the solution or vapor and the duration of contact.
It is imperative that the acid be removed from the skin or other
surface by copious flushing with water to prevent damage.!

The corrosive properties of nitric acid are not the only dangers,
since the gases evolved (nitrous fumes) from spillage on heavy
metals or organic materials are also exceedingly toxic. Since the
gaseous oxides may cause little or no discomfort at the time of
tnhalation, the victim may proceed about his ordinary work for a
few hours until the damage to the lung tissue becomes apparent.
Untreated cases frequently terminate fatally as a result of severe
pulmonary congestion (edema), ¢. e., from suffocation.

2. Bismuth Magma (Magma Bismuthi, Milk of Bismuth, Bis-
muth Cream), N. F. VIII.—The preparation of 1000 cc. of Bismuth
Magma requires 120 cc. of Nitric Acid which is used to convert the
bismuth subnitrate to the normal nitrate with sufficient excess acid
to prevent hydrolysis of the normal salt. (See p. 548.) Average
dose—~4 cc. (approximately 1 fluidrachm).

1 Chemical Safety Data Sheet SD -5, on Nitric Acid, published by Manufacturing
Chemists Association of the United States, pp. 12-13, 1946.
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3. Ferric Subsulfate Solution (Liquor Ferri Subsulfatis, Mon.sel"s
Solution, Solutionfof Basic Ferric Sulfate), N: F. VIII.--Nitric
acid is used in the manufacture of this preparation for the purpose
of oxidizing the ferrous ion (from ferrous sulfate) to ferric ion.
(See p. 632.) o

4. Mercuric Nitrate Ointment (Unguentum Hydrargyr Nitratis,
Citrine Ointment), N. F. VIII.—This ointment is prepared from
mercury, nitric acid and lard. (See p. 397.) ) )

5. Nitrohydrochloric Acid (Acidum Nitrohydrochloricum, Nitro-
muriatic Acid, Aqua Regia), N. F. VIIL.—This is a strong aqueous
solution containing hydrochloric acid, nitric acid, nitrosyl cblorlde,
and chlorine. (See p. 125.) Average dose—0.2 cc. (approximately
3 minims).

6. Diluted Nitrohydrochloric Acid (Acidum Nitrohydrochloricum
Dilutum, Diluted Nitromuriatic Acid), N. F. VIII.—This is a
diluted aqueous solution containing hydrochloric acid, nitric
acid, nitrosyl chloride, and chlorine. (Sce p. 135.) Average
dose—1 cc. (approximately 15 minims).

NITROHYDROCHLORIC ACID
Nitrohydrochloric Acid, N. V. VIII

History and Occurrence.—Nitrohydrochloric acid does not occur
naturally. It was first made by the ancient alchemists who observed
its ability to dissolve gold (the king of metals) which was resistant
to all other types of acid, hence the name * aqua regia” (the kingly
water).

Physical Properties.—Nitrohydrochloric Acid is a golden yellow,
fuming, very corrosive liquid. It has a strong odor of chlorine and
an intensely acid reaction to litmus paper, which it afterwards
bleaches.

Chemical Properties. —This acid is a mixture of hydrochloric acid,
nitric acid, nitrosyl chloride (NOCI) and chlorine. Therefore, its
chemical properties are those of its components. Because of the
chlorine content the acid is a powerful oxidizing agent and it is
believed that this accounts for its ability to dissolve gold and
platinum (1).

(1) 2HCI + 2Cl; + Pt — H,PtCls (soluble)

Tests for Identity. —The only test given for identity is the require-
ment that the acid be able to dissolve gold leaf, by converting it
to chlorauric acid (2) (2a) (3).

(2) Au + 3HCI + HNO; — AuCl; + NO 1 + 21,0

or
(2a) Au + Cl; + NOCl — AuCl; + NO 1 (See equation (4))
(3) AuCl; 4+ HCl — HAuCl,

Commercial Manufacture.— Nitrohydrochloric Acid, being some-
what unstable, is not marketed as such but should be prepared
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fresh when negded. _The N. T. directs that 200 cc. of nitric acid
(l.mole) be mixed with 800 cc. of hydrochloric acid (3 moles) in a
suitable loosely-stoppered container. The mixture is set aside for
fifteen hours at room temperature, or until the reaction is complete
).

(4) 3HCI + HNO; — Cl, 4+ NOCI + 2H,0

Finally the contents are mixed gently to insure uniformity. The
mixture should contain sufficient chlorine so that when 1 drop of
the acid is added to 1 cc. of an aqueous solution of potassium
iodine (1 in 5), iodine will be liberated immediately (5).

(5) 2KI + Cl, — 2KCl + I,

'The golden yellow color of the product will fade gradually, in time,
yielding a practically colorless solution which is not suitable for use.

Pharmaceutical Preparations and Uses.—1. Nitrohydrochloric Acid
(Acidum Nitrohydrochloricum, Nitromuriatic Acid, Aqua Regia),
N. F. VIIL.—Nitrohydrochloric Acid is a concentrated aqueous
solution containing hydrochloric acid, nitric acid, nitrosyl chloride,
and chlorine.  This acid possesses, in general, the same type of
activity as hydrochloric acid in treatment of conditions of gastric
achlorhydria. It is also said to possess the property of increasing
the flow of bile, probably because it relaxes the sphincter muscles
of the bile duct, thus permitting the easier flow of bile.! A drinking
tube should be used for oral consumption. Average dose--0.2 cc.
(approximately 5 minims).

2. Diluted Nitrohydrochloric Acid (Acidum Nitrohydrochloricum,
Diluted Nitromuriatic Acid), N. F. VIII.—This acid is prepared
from Nitrohydrochloric Acid (220 cc.) diluted with sufficient dis-
tilled water to make 1000 cc. This acid should possess sufficient
chlorine to liberate iodine when it is added to an aqueous solution
of KI (1 in 5). This acid must be made from Nitrohydrochloric
Acid rather than by mixing weaker solutions of nitric acid and
hydrochloric acid, since with the weaker acids there is no reaction.
Average dose— 1 ce. (approximately 15 minims).

PHOSPHORIC ACID (ORTHO)
Phosphoric Acid, N. F. VIII

H—O\
Formula, H;PO,; H—O-P=0. Molecular Weight, 98
H—0"

History.—This principal acid of phosphorus was discovered in
1746 by Andreas Sigismund Marggraf, who observed that this then
unknown substance produced peculiar yellow precipitates with sil-
ver nitrate and, when calcined with charcoal, yielded elemental
phosphorus. In 1833, Thomas Graham published the results of

1 U. S. Dispensatory, 23rd ed., p. 42, 1943.
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his masterly investigations of the acids of phosphorus in which
he pointed out the differences between the ortho-, pyro-, and meta-
phosphoric acids.

Occurrence.— Uncombined orthophosphoric acid does not occur
in Nature. However, its calcium, aluminum, and iron salts are
abundantly found in the minerals apatite (3Cas[POs)..Cal,) and
phosphorite (Cas[PO4;). The latter is known as *“phosphate rock”
and occurs as large deposits in Florida, Tennessee, etc. It is the
largest source of phosphates for fertilizers. Phosphates occur also
in the blood, bone and urine. The slag from steel and iron furnaces
contains appreciable quantities of recoverable phosphates. Phos-
phates are always found in fertile soil and are essential to the
development of fruits and seeds.

Physical Properties.—When a solution of orthophosphoric acid is
evaporated in a vacuum over sulfuric acid, transparent, hard, six-
sided, rhombic crystals result. These crystals are very deliquescent
in air, have a specific gravity of 1.834 at 18.2° C. and melt at
42.3° C. When crystallized from water, the product is a hydrated
form, 2H;P0.H,O. Orthophosphorie acid is very soluble in water
and in alcohol. The official concentrated solution contains 85 to
88 per cent H;PO, and is a colorless and odorless syrupy liquid.
[ts specific gravity is about 1.71 at 25° C. Diluted Phosphoric
Acid containing from 9.5 to 10.5 Gm. of H;P’Oy4 in 100 cc. of solution,
specific gravity about 1.057, is also official. It is a clear, colorless,
and odorless solution.

Chemical Properties.— Orthophosphoric acid is a triprotic (tertiary)
acid, and consequently ionizes in three steps (1, 2, 3).!

(1) II3PO4 + IIzO francd }130+ + 1121)04— I\’l = 1.1 X 10-2
2) H,PO,~ 4 1,0 2 HO* 4+ LIPO= K, = 2 X 107
3) HPO= + HO = HO* + POZ K, = 3.6 X 10-2

One can see from the ionization constants (K, K,, K;) that the
ionization of the acid takes place in the same manner as any other
polyprotic acid, namely each successive ionization step takes place
to a lesser extent than the preceding. Actually, the ionization
produces very little phosphate ion (PO.). The acid forms three
sodium salts which show very nicely the three possible anions:
(1) primary sodium orthophosphate (NaH.PO,), (2) secondary
sodium orthophosphate (Na,HPQ,), (3) tertiary sodium ortho-
phosphate (Na;PO,). When an aqueous solution of orthophosphoric
acid is titrated with sodium hydroxide solution using methyl orange
as the indicator the color changes when the salt NaH,PO, has
formed. When it is titrated using phenolphthalein as the indicator
the color changes when the compound Na JIPO, has formed. The
use of trinitrobenzene as an indicator shows the conversion to
Na;PO,. In conformity with the results in the titrations, it is

! There is a disagreement in most textbooks as to the exact values but, in general
and relatively speaking, they agree. These figures are from Handbook of Chemistry
(Lange), 5th ed., 1944.
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found that when the primary sodium phosphate is dissolved in
water it reacts acidic, the secondary phosphate reacts nearly neutral
or slightly alkaline, and the tertiary phosphate is exceedingly
alkaline.

Orthophosphoric acid, when heated to 200° C. loses a mole of
water to form pyrophosphoric acid (4) which for purposes of study
may be considered to be an infermolecular dehydration.

o HO  OH
|
) 2H0>1’-:() — 0=P—0—P=0 + H0
10 | |
HO  OH

When heated to about 300° C., the pyrophosphoric acid is con-
verted to metaphosphoric acid (5).

(5 H,P,0; — 211PO; + IL,0

However, to simplify the presentation and to fix it more firmly
in the student’s mind it is convenient to consider that when ortho-
phosphoric acid is heated to 300° (. (neglect the formation of pyro-
phosphoric acid) an intramolecular dehydration takes place (6).

0
HO\ I
(6) ”}ﬂo-/-on — HO- P=-0 + H,0
HO|

Metaphosphoric acid constitutes the “glacial phosphoric acid” of
commerce. 1t is usually sold in the form of sticks or pellets, the
metaphosphoric acid having been hardened by the addition of small
amounts of sodium metaphosphate (NalPOs). Because solutions of
this acid slowly change to Hy;PO, (7) they are impossible to keep
and, therefore, arc no longer officially recognized.

(7) HP(_)3 + IIQO —> 113})()4

It is of interest to note that phosphoric acid has no oxidizing
properties, thus enabling its use wherever a non-oxidizing acid is
required (e. g., to prepare HBr from NaBr, where H,S0, is unsatis-
factory because of its oxidizing action).

The only water-soluble phosphates are those of the alkali metals
and ammonjum.

Official Tests for Identity.— 1. Orthophosphoric acid responds to
all general tests for acids.

2. When phosphoric acid is carefully neutralized with potassium
hydroxide test solution and a solution of silver nitrate added, a char-
acteristic yellow precipitate of silver phosphate results (8 and 9).
The precipitate is soluble in ammonium hydroxide and in nitric acid.

(8) 3H;0+ + PO= + 20H- — HPO~ + 5H.0
(9) 2HPO~ + 3Ag*t — Ag;,PO, | + H.PO~
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Free orthophosphoric acid forms no precipitate with a solu.tlo.n of
silver nitrate. In order to obtain complete precipitation of silver
phosphate from solutions of a primary (10) or secopdary phos-
phate (11), the free nitric acid developed in the reaction must be
neutralized.

(10) HQP()[- + 3Ag+ + 2 Ilz() o Ag3P04 l + 2 H:;O+

(11) 2HPO~ + 3Ag+ — Ag,PO, | + IL,PO,~

3. Orthophosphoric acid produces a canary yellow colored pre-

cipitate when digested at 40° C. with ammonium molybdate
solution (nitric acid solution) (12). The precipitate of ammonium
phosphomolybdate is insoluble in acids but readily soluble in
ammonia water (13).

(12) 12(NH):MoO; + H;PO, 4 21HNO; — (NI1,),PO,.12Mo-
Os ] + 2INILNO, + 12H,0

(13) (NH,);PO,12Mo0; 4 2301~ — 3NH+ 4+ HPO= +
12MoO= + 111L0

4. If 3 cc. of the phosphoric acid dilution is rendered alkaline
with ammonia water and magnesium sulfate test solution added, a
white crystalline precipitate of magnesium ammonium phosphate
is produced (14).

(14) HPO= 4 Mg+ + NH,; — MgNILPO, |

If the dried precipitate of magnesium ammonium phosphate is
heated, magnesium pyrophosphate results (15).

5. When a precipitate of magnesium ammonium phosphate is dis-
solved in diluted acetic acid and silver nitrate test solution added,
a yellow precipitate of silver phosphate is formed (distinetion from
metaphosphoric or pyrophosphoric acid).

Commercial Manufacture.—Orthophosphoric acid is now prepared
by (1) the “wet process” and (2) the pyrolytic or thermal methods.

1. Ground phosphate rock or bone ash (principally Cay(PO,),)
is treated with sulfuric acid (16) and filtered to remove calcium
sulfate and other insoluble materials. The filtrate of dilute phos-
phoric acid is then concentrated in simple evaporators to about
50 per cent II,PO,. Most of the phosphoric acid made by this
so-called “wet process” is used in the manufacture of fertilizer,
the rest being used for the production of phosphates for industrial
use. The acid made by this process is not of food-grade purity
unless it is put through a relatively costly purification process.
Where ground phosphate rock is treated with “wet process” acid
a “superphosphate” of fertilizer grade, containing 40 to 48 per
cent of P,0; equivalent is produced (17). This is used as a con-
stituent of mixed fertilizers.

(16) Caa(PO4)2 + 3HZSO4 g 2H3PO4 + 3C3,SO4
(17) Cas(POy); + 4H;PO, =2 3CaH,(PO,),
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2. The greatest advances in phosphoric acid manufacture in the
chemical industry have been through the development of the thermal
methods. The thermal process consists in smelting phosphate rock
with coke and silica at high temperatures (18). A continuous
evolution of phosphorus vapor and carbon monoxide issues from
the furnace, and they are either burned to produce P05 (19) and
CO; (20) or else, more recently, the elemental phosphorus is con-
densed as such. When P,O; is the product, it is dissolved in water
to form phosphoric acid (21).

(18) Cas(P04)y 4 3510 4+ 5C 4+ heat — 3CaSiO; +5CO T +2P 1
(19) 4P 4+ 50, (air) — 2P,(); + heat

(20) 2CO + O (air) — 2CO, + heat

(21) P.0; + 3H,0 — 2II,PO,

The principal difference in the thermal methods has been in the
type of furnace used.

Until 1939 the blast furnace was used extensively to carry out
the reduction of phosphate rock, but this process was discontinued
in favor of the more efficient electric furnaces. For example, in
1937 the Monsanto Chemical Co. began the large-scale production
of phosphorus with a very efficient electro-thermal process. Their
furnaces are said to be the largest of their kind in the world. Es-
sentially, the reduction of the phosphate rock is carried out in
the same manner as previously outlined, but in place of burning
the phosphorus that is formed, it is condensed out in a purity of
better than 99.9 per cent. The eclemental phosphorus is more
economical to ship than the phosphoric acid would be. Thus, the
phosphorus is shipped to phosphoric acid producing plants to be
converted to P,Os; and then to acid of exceptional purity. Most of
the acid used in chemical manufacturing is prepared by the electric
furnace, and is obtainable in the standard concentrations of industrial
phosphoric acid, namely, 50, 75 and 85 per cent. Acid of greater
strength than 100 per cent is also prepared and is analogous to
fuming sulfuric acid.

Laboratory Preparation.—Mix 30 Gm. of nitric acid with 30 cc. of
distilled water in a glass retort having a capacity of about 200 cc.
Having placed the retort on a sand bath, connect it loosely with a
well-cooled receiver and add 8 Gm. of yellow phosphorus, previously
cut into small pieces under water. Insert a funnel through the
opening in the bulb of the retort and carefully apply heat until the
reaction begins. If the action is too violent, add a small quantity
of water through the funnel. From time to time, return the acid
liquid that collects in the receiver to the retort and continue the
operation until all of the phosphorus is dissolved or until only
insoluble black particles remain, which may be filtered off. If
necessary, more nitric acid may be added. Transfer the liquid
in the retort to a tared, porcelain evaporating dish and heat on a

9
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sand bath until all of the nitric acid is driven off. The temperature
must not exceed 190° C. (p. 127) during the evaporation. Test
the products for nitric acid by placing a few drops of the acid in
a test-tube with an equal amount of concentrated sulfuric acx(_i.
Carefully add a strong solution of ferrous sulfate, so as not to mix
the two liquids. No brown ring should appear if the sample is
free from nitric acid. Dilute one-half of 1 ce. of the product with
7 cc. of distilled water. Gently warm 5 cc. of this dilution and
add 2 cc. of silver nitrate test solution. If the mixture turns
brown it indicates the presence of phosphorous or hypophosphorous
acid, and the product must be returned to the tubular retort and
treated with more nitric acid.

If the product is free from nitric acid and shows no test for
phosphorous and hypophosphorous acids, it should be diluted to
100 ce., warmed, and a rapid stream of hydrogen sulfide passed
into it for fifteen minutes. The liquid is then set aside for twenty-
five hours to allow the arsenic sulfide to precipitate, filtered and
concentrated to a syrupy liquid.

Pharmaceutical Preparations and Uses.— 1. Phosphoric Acid (Aci-
dum Phosphoricum), N. F. VIII.—Phosphoric Acid should contain
not less than 85 per cent and not more than 88 per cent of H,PO,.
It is used to a very limited extent (hydrochloric acid is better) in
medicine as a tonic and stimulant to the gastric mucous membranes.
It aids proteolytic enzymes in the formation of peptones. IPhos-
phoric Acid in a diluted form is used in the treatment of lead poison-
ing because it lowers the pH of the blood, promoting (1) decalcifi-
cation of the bones and (2) the associated excretion of lead from
the bones at the same time. It is particularly well suited for this
type of lead-poisoning treatment (deleading the body) because at
the same time that it brings about a beneficial acidosis it also
furnishes the lead-solubilizing phosphate ion. In a solution with
an acid pH the lead forms the soluble lcad phosphate salt rather
than remaining as insoluble tertiary lead phosphate.

2. Diluted Phosphoric Actd (Acidum Phosphoricun. Dilutum),
N. F. VIII.—Diluted Phosphoric Acid should contain, in each
100 cc., not less than 9.5 Gm. and not more than 10.5 Gm. of
H;PO.. It is prepared by mixing 69 cc. of Phosphoric Acid with
sufficient Distilled Water to make 1000 cc. Diluted Phosphoric
Acid is given in doses of from 0.1 to 1 cc., largely diluted with
water for the purposes discussed under Phosphoric Acid. No official
dose is given.

3. Calcium and Sodium Glycerophosphates Elizir (Elixir Calcii et
Sodii Glycerophosphatum, Glycerophosphates Elixir), N. FF. VIII.—
This elixir contains, in addition to other ingredients, 8 cc. of
Phosphoric Acid in 1000 cc. of the finished preparation. Average
dose—4 cc. (approximately 1 fluidrachm).
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4. Glycerinated Gentian Elixir (Elixir Gentiane Glycerinatum),
N. F.. VIII.—Among numerous other ingredients this preparation
contains 5 cc. of Phosphoric Acid in 1000 cc. of the finished elixir.

SULFURIC ACID AND HYDROGEN SULFATE

Sulfuric Acid, N. F. VIII

HO O
4
Formula, H,SOy; S Molecular Weight, 98.08
RN
110 0

History and Occurrence.— Sulfuric acid was known to the alchem-
ists in 1440. Basil Valentine prepared an acid, which he called
“oil of vitriol,” by heating anhydrous copperas to a high tempera-
ture and dissolving the evolved gas in water. Joshua Ward (1685-
1761) prepared the same substance by deflagrating a mixture of
sodium nitrate and sulfur in large, glass bell jars, absorbing the
gases in water and concentrating the solution. Dr. John Roebuck
(1718-1794) replaced the glass jars with leaden ones. In 1777,
Lavoisier showed that this acid contained sulfur and oxygen, and
in 1795 Richter determined its composition. Sulfuric acid in the
free state is rarely found in Nature, but it occurs widely distributed
in combination with caleium, magnesium, etc.

Physical Properties.—Iydrogen sulfate (100 per cent pure) is a
colorless, odorless, hygroscopic liquid of oily consistency, having a
specific gravity of 1.834 at 15° C. It freezes to a colorless, crystal-
line mass melting at 10.5° C.

The N. I. VIII describes Sulfuric Acid as a colorless, odorless
liquid of oily consistency containing not less than 94 per cent and
not more than 98 per cent of H.SO,. When strongly heated the
acid is vaporized giving oft dense, white fumes of SO;. It dissolves
in both water and alcohol with the evolution of much heat.

The usual reagent grade of sulfuric acid contains not less than
95.5 per cent I1,50, and has a specific gravity of not less than 1.84
at 15.56° C. (60° V).

Even at the boiling-point of water, sulfuric acid is not volatilized
and therefore is classed as a non-volatile acid.

Chemical Properties.—The chemical propertics of sulfuric acid.
will be considered as follows: (1) stability, (2) hydration, (3) acid
properties, (4) oxidizing properties, (5) sulfonating and sulfating
properties, and (6) other properties.

1. When heated, pure H;SOy is resolved into SO; and 1LO (1).
The reaction is reversible.

1) H:80; = ILO + SO,

As the heat is slowly increased, pure H,SO; loses increasing amounts
of SO; and H,O, but not in equimolecular amounts (more SO; is
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lost than H.0). Eventually, at a temperature of 338° C. the
H.S0, distills over constantly, with about 30 per cent of.the acid
in the dissociated form (1). When the dissociated portion is cooled,
it reunites to form a 98.33 per cent solution of H:SO,. However,
when the temperature is increased to 420° C. the dissociation of
H,S0, into SO; and H.Q is practically complete.

When H.SO; is suddenly raised to red heat, it is completely
decomposed into 1,0, SO, and O. (2).

(2) 2H,50; — 2H,0 + 250; 4 O,

2. Sulfuric acid should always be added to water whenever solu-
tions (dilutions) of it are to be made. This precaution should also
be observed with other diluents because the amount of heat gener-
ated when the two are mixed may cause splashing of the acid.
It is believed that the reason for the development of heat is a
hydration reaction (3).

3) H.S0, + nlLO — 11,50, nHO

The reasons for the above supposition are (1) that a mixture of
sulfuric acid and water occupies less volume than would be expected
from a simple mixture of two unreacting liquids (in which the
volume should be additive), and (2) several compounds of H,SO,
have been isolated, namely H,SO,.S0;, H.SO,. H.0, H,SO;.2H,0
and I,50,.4H,0. There is some question as to the manner in
which these compounds should be regarded, that is, whether they
are hydrates of SO; or of H,SO, The proponents of the first
form infer, for example, that H,S0, is simply a hydrate of SO,
(SO5.I1,0). If the hydrates are considered in this manner we have:

2803 . HzO = IIzS()4 . SO;;
S0;.H, O = 1,50,
S()3 . 2H2() = HgSOq . IIzO
ete.

The tendency for sulfuric acid to take up water is so great that
it abstracts the elements of water from many compounds containing
hydrogen and oxygen. A typical example is the charring of sugar

(4).
(4) CsH0s — 6C + 6H.0

Because of its affinity for water, care should be taken not to leave
concentrated sulfuric acid exposed to the atmosphere for long
periods of time because there is danger that it will take up enough
moisture from the air to even overflow the vessel in which it is
stored.

3. Sulfuric acid, particularly in dilute aqueous solutions, behaves
as a strong diprotic acid. It lonizes in two steps (5).

(5) HSOs + ILO — ILO*+ + HSO~ K, = 4 X 10 ()
HSO.{' -+ HgO - H30+ + S()4= Kz =2 X 10—
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It is capable, through the hydronium ion, of dissolving metals
above hydrogen in the electromotive series with the formation of
hydrogen and the sulfate of the metal (6).

(6) Zn + H.S0, (dil.) — 7ZnSO, + 11,7

Although the reaction between dilute sulfuric acid and zine can be
construed to be an oxidizing action (zine to zine ion [Zn — Zn+t]),
this is true of all acids (oxidizing and non-oxidizing) because of
the hydronium-ion content. The rate of solution in an acid of a
metal above hydrogen in the electromotive series is directly de-
pendent upon the hydronium-ion concentration. Sulfuric acid is
classed as a “strong’ acid although it is not as strong as hydro-
chloric or nitrie acid.

Sulfurie acid will also react in the ordinary manner with metal
oxides, hydroxides, carbonates and sulfites (see p. 109),

4. Hot concentrated solutions of sulfuric acid exhibit an oxidizing
action on metals, non-metals and many compounds.

The action on metals above hydrogen in the electromotive series
has been described.

Metals below hydrogen also dissolve in sulfuric acid but sulfur
dioxide (SQ.) is liberated instead of hydrogen (7).

(7) Hg + 21180, — TgS0; 4+ 50,7 + 21L,0

It is believed that the sulfuric acid first oxidizes the metal to the
oxide (8) which then reacts with the sulfuric acid to give the sul-
fate (9).

®) Hg + .50, — HgO + SO T + IO

(9) HgO + H.SO, — 11gS0, + H.0

The sum total of equations (8) and (9) is, of course, equation (7).
Non-metals are oxidized more or less readily by sulfuric acid,
liberating sulfur dioxide in the process (10, 11).

(10) 2H.S04 + S — 350, T + 2ILO
(11) 2H.S0, + C — 250,7 + CO. T + 2110

Among the compounds which are readily oxidized by sulfuric
acid are the hydrogen halides (with the exception of HCI). It will
be recalled that neither HBr nor HI could be prepared by the
action of sulfuric acid on the corresponding sodium halide because
the hydrogen halide formed is readily oxidized. This oxidation
takes place at room temperature (12, 13).

(13) H.S0, + S8HI — H.S 1 + 41, + 4H.0

5. Concentrated sulfuric acid is used as a sulfonating agent in
many organic reactions, because it is capable of replacing a hydrogen
attached to carbon (14).

(14) R-[H]+ [HO-SO;H — R-SOH + H0

R = aromatic or aliphatic
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The process is called sulfonation and the product is a sulfonic acid.
Sulfonations are also carried out with concentrated sulfuric 301fl to
which has been added varying amounts of SO;. These fortified
acids are known as “oleums” or fuming sulfuric acids. )

Sulfation is a characteristic reaction of sulfuric a.tci(.i, forming
monoalky] sulfates and dialkyl sulfates. When the acid is added to
an alcohol at room temperature a monoalkyl sulfate is usually
formed (15).

R'I@ i_U,JO\ RO\
HO HO

The dialkyl sulfates are formed by passing the alcohol and acid
vapors over a suitable catalyst (16).

10, RO
(16) 2ROII + SO, —
110”7 RO

6. As previously stated, sulfur trioxide dissolves in concentrated
sulfuric acid to form a somewhat viscous liquid, called “oleum” or
fuming sulfuric acid (also Nordhausen acid). IFuming sulfuric acid
may contain any specified amount of SO;.  When cooled, the
fuming acid deposits crystals of disulfuric acid (H,S,0,) which are
thought to be formed according to the following reaction (17):

17) ILSO; + SO, = ILS,0;

Of course, disulfuric acid may also be considered as H,SO,.SO; or
H,0.2S0,.

Sulfuric acid forms two series of salts because of its two replace-
able hydrogens. Thus, for example, we have an acid sodium sul-
fate (NallISO,) and a normal sodium sulfate (Na,SO,).

Tests for Identity.-- 1. If barium chloride T.S. is added to a dilute
solution of sulfuric acid, a white precipitate of barium sulfate
(BaS0,) is formed (18).

(18) H:504 + BaCl, — BaSO, | + 2HCI

2. If dilute sulfuric acid is treated with lead acetate T.S. a white
precipitate forms (19) which is soluble in ammonium acetate T.S.

(19) (CH,COO).Pb + IL,SO, — PbSO, | + 2CH;COOH

3. Hydrochloric acid produces no precipitate with sulfates. This
distinguishes them from thiosulfates which do give precipitates (20).
(20) Na,SOs + HCI — no reaction
but

NS0, + 21,0

NaS:0; + 2HCl - S| + SO, T + 2NaCl + H,0

4. Sulfuric acid chars many organic substances, e. g., wood,
sucrose, fibers, etc. As pointed out previously, this is due to
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abstraction of the elements of water from the substances leaving a
carbon residue (4).

Commercial Manufacture. —Sulfuric acid is manufactured by two
methods: (1) the lead chamber process, and (2) the contact or catalytic
process. In both processes sulfur (or of lesser importance, iron
pyrites) is converted to SO, by oxidation. However, the manner
in which the SO is converted into sulfuric acid differs greatly in
the two processes.

1. The lead chamber process is the older of the two processes,
but it has been decreasing in importance from year to year. It
derives its name from the fact that the reaction is carried out in
large chambers constructed of sheet lead. Iead is not acted on by
the concentrations of sulfuric acid obtained in the process. Most
of the acid prepared by this process is utilized in the preparation
of a fertilizer, superphosphate of calcium.

The process is in reality a catalytic process inasmuch as large
volumes of sulfur dioxide, oxygen and water are induced to react
to form sulfuric acid by a small quantity of nitrous anhydride.
There is some doubt as to the exact nature of the reactions taking
place in the process but it is thought that the principal reactions
taking place are:

A. The conversion of sulfur dioxide into nitrosyl sulfuric acid
by means of nitrous acid and oxygen (21).

(21) 21INO, + O, + 280, — 2(HO)(NO,)SO,

Nitrosyl sulfurie acid is sometimes written as HNSO;.
B. The formation of sulfuric acid and nitrous anhydride by the
action of water upon nitrosyl sulfuric acid (22).

(22) 2(1TOY(NOL)SO, + 11,0 — 211,80, + N0,

C. The anion of nitrous anhydride with water to form nitrous
acid (23).

(23) N.O; + H,O — 2HNO,

The nitrous acid again combines with any sulfur dioxide that is
present to form nitrosyl sulfuric acid according to equation (21).
The oxides of nitrogen were formerly obtained from a naitre pot
which contained sodium nitrate and sulfuric acid, the mixture being
heated to obtain the nitric acid vapor. These nitre pots are
almost obsolete at the present time because of the use of the catalytic
oxidation of ammonia which is a superior process. The SO, (together
with an excess of oxygen) obtained from the burning of sulfur is
passed over the nitre pot or is suitably mixed with the oxides of
nitrogen if otherwise produced. The mixed gases are passed into
a tower known as a Glover’s tower which is packed with quartz.
In this tower the gases come in contact with weak acid from the
lead chambers and also with more concentrated acid containing
dissolved oxides of nitrogen (from the Gay-Lussac tower) which is
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known as “Gay-Lussac acid.” The hot gases remove the nitrogen
oxides from the Gay-Lussac acid and also serve to concentrate the
acid flowing downward in the tower. The partially cooled gases
then go to the lead chambers, in the first of which most of the
sulfuric acid is made. The chambers are large enough to allo.w
sufficient time and space for the reaction to proceed. The acid
which forms settles to the floor of the chamber and when enough
has formed it can be drawn off and is known as * chamber acid.”
The exit gases from the chambers are passed into a Gay-Lussac
tower which is filled with quartz pieces. The function of this tower
is to recover the oxides of nitrogen which have passed through the
chambers and which would otherwise be lost. This is accomplished
by running the acid (cooled) obtained at the bottom of the Glover
tower down the Gay-Lussac tower against the upward rising exit
gases from the lead chambers. The gases which finally issue from
the Gay-Lussac tower contain only a small percentage of nitrogen
oxides and are composed mainly of the nitrogen from the air used
in burning the sulfur. For further details about the process, one
should consult more detailed works.!

The principal drawback to this method of manufacture has been
that the acid obtained is at best only 78 per cent H.,SO,, whereas
a much more concentrated acid is required for many operations.
To obtain a concentrated acid from chamber acid it is necessary
to carry out a concentration procedure. This is undesirable in
that it increases the cost of the acid.

2. The contact or catalytic process is the most important method
for preparing sulfuric acid today. Its great advantage lies in the
fact that the process yields sulfuric acid of any desired concentra-
tion without the necessity of concentrating the acid. It is espe-
cially desirable to have a highly concentrated acid (i. e., contact
acid) for nitration procedures.

Essentially, the process depends on the oxidation of sulfur dioxide
to sulfur trioxide by the use of a suitable catalyst (24).

The SO; which forms can then readily be converted to sulfuric acid.

This process will be better understood by a brief outline of the
procedure. Sulfur dioxide is usually obtained by burning sulfur,
although some is obtained by roasting iron pyrites. The sulfur
dioxide, if prepared from sulfur, requires very little purification,
whereas the sulfur dioxide obtained from iron pyrites usually
contains many impurities and, to avoid “poisoning” the catalyst,
the gas is rigorously purified before being passed into the catalyst.
Once the gases have passed through the purification process, they
are led into the catalytic converter where they are converted
into SO; in about a 98 per cent yield. The optimum tempera-
ture in the converter is about 450° C. The catalysts used are

Rogers: Textbook of Inorganic Pharmaceutical Chemistry, 3rd ed., p. 135;
see also Riegel: Industrial Chemistry, 4th ed., p. 15.
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of various types. Early contact plants often used platinized
asbestos or some other form of platinum catalyst. However,
because platinum was expensive, other less expensive metals were
sought which would bring about the same conversion. This search
led to the discovery of vanadium pentoxide (V.0) as a very suit-
able catalyst. At the present time vanadium catalysts are used
more than are platinum catalysts, although recently a highly
effective platinized silica gel has been developed. The SO; which
forms is absorbed in 97 per cent sulfuric acid because the SO, gas
it obtained in a state which does not combine well with water.
However, it does react smoothly with the 3 per cent of water in
the 97 per cent acid to form more sulfuric acid (25).

(25) S0z + H.0 — H,80;,

The acid which results is practically 100 per cent pure IS and
may be diluted to give a weaker acid or more SO; may be passed
into it to give the previously discussed “oleums” or fuming sulfuric
acids.

Pharmaceutical Preparations and Uses.—1. Sulfuric Acid (Aci-
dum Sulfuricum), N. I, VIII.— Sulfuric Acid should contain not
less than 94 per cent and not more than 98 per cent of H,SO..
The N. F. notes that “When Sulfuric Aeid vs mixed with other
liquads, @t should always be added to the diluent, and great caution
should be observed.”

2. Diluted Sulfurtc Aeid (Acidun Sulfuricumn Dilutum), N. F.
VIIL.—Diluted Sulfuric Acid should contain, in each 100 cc., not
less than 9.5 Gm. and not more than 10.5 Gm. of H,SOs,. In a
highly diluted form it may be used medicinally in the treatment
of achlorhydria since, in common with other inorganic acids, it
activates pepsin. It is used little, if any, in present-day medicine.

3. Ferric Subsulfate Solution (Liquor Ferri Subsulfatis, Monsel's
Solution, Basic Ferric Sulfate Solution), N. I. VIII.—Among other
ingredients Ferric Subsulfate Solution contains 55 ce. of Sulfurie
Acid as a source of sulfate ion.  This solution is used undiluted as
a styptic.

4. Saccharated Ferrous Carbonate (Ferri Carbonas Saccharatus),
N. F. VIII.—Saccharated Ferrous Carbonate requires 3 ce. of
diluted sulfuric acid for acidification purposes in the preparation
of 1000 Gm. of finished product. (See also p. 629.)



THE ALKALI METALS

Introduction.—The metals comprising this group are lith{um.
sodium, potassium, rubidium, and cesium. The compounds of the
atomic group or radical, ammonium, are discussed after those of
potassium to which they show the greatest resemblance.

Properties of Alkali Metals

Properties Lithium  Sodium  Potassium Rubidium Cestum
Atomic No. . 3 11 19 37 55
Atomic weight 6 940 22 997 39.096 85 48 132 91
Isotopes . . . 6,7 23 39, 40, 41 85, 87 133
Electrons . . . 2-1 281 2881 281881 28-18 18 K-1
Density 0 534 0 971 0 86 1.53 1 87
Melting-point 186° 97 5° 62 3° 38 4° 25.5°
Boiling-point 1336° 880° 760° 700° 670°

The alkali metals are always univalent and their compounds bear
a close resemblance to one another. Fach member of this family
has a relatively low specific gravity, is of a soft waxy consistency,
has a low melting-point, and a high metallic luster. With a few
exceptions, the salts of the alkali metals are freely soluble in water.
The molecules of the alkali metals are considered to be monatomic.
These metals form simple cations and never occur as a constituent
part of complex anions.

They are the most active and clectro-positive of all the metals,
the activity increasing as the atomic weight increases. 'Thus,
lithium (atomic weight, 6.94) is the least positive active member
of the group (slowly decomposes water), whereas cesium (atomic
weight, 132.91) is the most positive active element. All of the
alkali metals are oxidized so easily that they must be kept under
mineral oil to keep them out of contact with the air. "They unite
also with hydrogen to form white, crystalline hydrides (MH), which
are completely hydrolyzed by water. A common characteristic of
the alkali metals is the property of decomposing water violently
to form hydrogen and the hydroxides of the respective metals.
The latter are highly ionized. Therefore, they are very active bases.
The hydroxides of the alkali metals are stable when heated.

CHAPTER X

LITHIUM AND LITHIUM COMPOUNDS
LITHIUM
Symbol, Li. Valence, 1. Atomic Weight, 6.94; Atomic Number, 3

History and Occurrence.—In 1817 J. A. Arfwedson discovered
lithium in a silicate known as petalite. The free metal was first
isolated by Bunsen and Matthiessen in 1855. The name lithium

(138)
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was derived from the Greek word, \ 6os, meaning a stone, and the
element was so named because it was believed to be present only
in stones. Also, it was thought that the salts of lithium assisted
in dissolving “stones” in the kidneys, gall bladder, etc.

This element does not occur free in Nature. In combination
it is found widely diffused. Traces of lithium salts are found in
some mineral waters (Mur Springs at Baden-Baden), in soils and
in the ashes of many plants, especially in those of tobacco, sugar
beet, tea, coffee and sugar cane. It is found in a few minerals,
e. g., spodumene (LiAl[SiOy)), lepidolite or lithium mica (KLi-
[AIOH, FAL[SIOL)),  amblygonite  (Li[AIF]PO,), and  triphyllite
(Li[FeMn]PO,).  One of the largest sources of spodumene (the
most plentiful of the lithium-bearing ores) is the Black Hills of
South Dakota.

Physical Properties.- Lithium is the lightest of all the metals. 1t
floats easily upon petroleumn under which it is preserved. Its den-
sity at 20° C. is 0.534. It has a silvery-white luster and, though
harder than sodium or potassium, it is softer than lead, calcium and
strontium. Its toughness perinits it to be drawn into wire or rolled
into sheets. Lithiumn melts at 186° C. and does not vaporize at
red heat. It boils at 1336° . All lithium salts (not the metal)
color a flame crimson red and give a characteristic red line together
with a less brilliant orange line in the spectrum.

Chemical Properties.— Lithium ignites in air at 200° C. and burns
quietly with a very intense, white light. It decomposes water more
slowly than sodium. 'The metal unites vigorously with oxygen
Li,0), hydrogen (LiH), and nitrogen (I.i;N) to form stable com-
pounds.

Official Tests for Lithium Ion.--1. A small quantity of a lithium
salt moistened with hydrochloric acid imparts a crimson color to
the non-luninous flame of a bunsen burner.

2. Lithium salts in solution, made alkaline with sodium hydrox-
ide, yield with sodium carbonate T.S. a white precipitate on boil-

ing (1) (2).
(1) Lit + NaOIIl — LiOH + Na*
(2) 2LiOH + Na,CO; — LiCO; | + 2NaOH

The Li,CO; is soluble in a solution of ammonium chloride.

3. Solutions of lithium salts are not precipitated by diluted
sulfuric acid or soluble sulfates (difference from Strontium).

Commercial Manufacture.—Lithium may be obtained by electro-
lyzing (1) fused lithium chloride, (2) a fused mixture of lithium
chloride and potassium chloride, or (3) the chloride in solution in
pyridine. The very deliquescent lithium chloride is obtained by
fusing lithium minerals with barium chloride. The cooled “melt”
is lixiviated with water and the resulting solution filtered and
evaporated to dryness. The residue is then extracted with a mix-
ture of absolute alcohol and ether, which dissolves the lithium
chloride but not the chlorides of sodium and potassium The alco-
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hol-ether mixture is recovered and the residue of lithium ch!oride
thoroughly dried. It is from this fused salt that the metal is ob-
tained by electrolysis. The process is similar to that used for
obtaining sodium from sodium chloride (see p. 146).

Pharmacological Action of Lithium Ion.—The lithium ion behavgs
systemically very much like the potassium ion (see p. 225). It is
depressant to the nerve centers and to the circulation. The ion
has a diuretic action but has no advantages over potassium ion.
The lithium ion is somewhat less toxic to the heart than the potas-
sium ion. It stimulates the vagus and a gastro-enteritis is produced
by continued administration of even small doses. At one time the
great solubility of lithium urate stimulated the use of lithium salts
as solvents for uric acid. The reaction between the lithium ion
and the urate ion takes place only in concentrations too high to
be safely used in the body and, therefore, their employment is
irrational.

LITHIUM BROMIDE

Lithoum Bromide, N. T. VIII1

Formula, LiBr. Molecular Weight, 86.86

Physical Properties.— Lithium Bromide occurs as a white, or
pinkish-white granular powder, or in colorless prismatic crystals.
It is odorless and has a sharp, slightly bitter taste. Its specific
gravity is 3.446 at %%c and its melting-point 547° C. The salt is so
very deliquescent that it goes into solution in its absorbed moisture.

One Gm. of Lithium Bromide is soluble in 0.6 cc. of water at
25° C. and in 0.4 cc. of boiling water. It is freely soluble in alcohol
and it dissolves in ether.

At red heat the salt fuses and at higher temperatures it slowly
sublimes without decomposition.

Official Tests for Identity.—1. A 5 per cent aqueous solution of
the salt is neutral or slightly alkaline to litmus paper.

2. Tests for lithium are given under Lithium lon (p. 139).

3. The addition of silver nitrate test solution to a 5 per cent
aqueous solution of the salt produces a yellowish white precipitate
of silver bromide, which is insoluble in nitric acid but slightly
soluble in ammonia water (1).

(1) LiBr + AgNQ; — AgBr | + LiNO;

4. The addition of chlorine T.S., drop by drop, to a solution of
a bromide liberates bromine, which may be dissolved by shaking
with chloroform, coloring the chloroform red to reddish-brown.

Commercial Manufacture.— Lithium bromide is usually prepared
by placing 300 parts of iron wire in a flask, covering it with 900
parts of water, and slowly adding 399 parts of bromine (2). The
reaction may be hastened by immersing the flask in warm (not
hot) water. When a green solution is obtained, the excess of iron
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is filtered off, the filtrate heated, and then agitated with 816 parts
of lithium carbonate (3) (¢. v.). The cooled solution is filtered and
evaporated to dryness. Crystals of lithium bromide are obtained
by slowly evaporating the highly concentrated solution over sulfuric
acid. Approximate yield: 434 parts of lithium bromide.

(2) Fe + Br, — FeBr,
(3) LiyCO;s + FeBr, — 2LiBr + FeCO; |

Pharmaceutical Preparations and Uses.—1. Lithium Bromide
(Lithii Bromidum), N. F. VIIL.—Lithium Bromide, when dried
at 165° C. for three hours, contains not less than 99 per cent of
LiBr. Lithium Bromide and its pharmaceutical preparations are
used for the same purpose as potassium bromide. It is more hypnotic
than potassium bromide only because of the greater bromide ion
content. Average dose—1 Gm. (approximately 15 grains).

2. Five Bromides Elixir (Elixir Bromidorum Quinque), N. T,
VIII.—The elixir contains, in each 100 cc., the equivalent of not
less than 18.5 Gm. and not more than 20 Gm. of Br. Lithium
bromide is present to the extent of 3.5 per cent. It is used as a
sedative because of the bromide ion. Average dose—4 cc. (ap-
proximately 1 fluidrachm).

3. Bromides Syrup (Syrupus Bromidorum), N. F. VIII.—This
syrup contains, besides other constituents, 8 Gm. of lithium bro-
mide in each 1000 cc. The product, Pentabromides, is similar to
this syrup. Tt is used as a sedative. Average dose—4 cc. (ap-
proximately 1 fluidrachm).

LITHIUM CARBONATE
Lithium Carbonate, N. FF. VIII

Formula, 1.;CO;.  Molecular Weight, 73.89

Physical Properties.—Lithium Carbonate is a light, white, granu-
lar powder, or it occurs in minute monoclinic crystals.  Its density
is 2.111 at 17.5° . It is odorless, has an alkaline taste, and is
permanent in air.

One Gm. of lithium carbonate is soluble in about 100 cc. of water
at 25° C. and in about 140 ce. of boiling water. The solution
obtained may not be perfectly clear because of traces of other
carbonates or of other allowable insoluble substances. It is almost
insoluble in alcohol.

The salt fuses when heated to dull redness and at higher tem-
peratures it loses a part of its carbon dioxide and is partially con-
verted into lithium oxide. The cooled melt consists largely of the
pearly oxycarbonate which is permanent in air.

Official Tests for Identity.—1. A saturated aqueous solution of
lithium carbonate is alkaline to litmus paper and is colored red
with phenolphthalein T.S.
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2. The salt effervesces when treated with an acid due to the
carbonate radical. The evolved carbon dioxide produces a wh.lte
precipitate when passed through a solution of calcium hydroxide

3. For lithium tests see lithium ion (p. 139).

Commercial Manufacture.— Lithium carbonate is usually made by
boiling a concentrated aqueous solution of lithium chloride, ob-
tained as described on page I39, with ammonium carbonate (1).
The precipitate of lithium carbonate is washed with alcohol and
dried. In order to save any lithium remaining in solution, the fil-
trate is evaporated to dryness and the residue of lithium chloride
ignited.

(1) 4LiCl 4 2(NH):.CO; — 2Li,CO; | + 4NH,C]

Pharmaceutical Preparations and Uses.—1. Lithium Carbonate
(Lithii Carbonas), N. I, VIII.—Lithium Carbonate, when dried
at 105° C. for three hours, contains not less than 99 percent Li,COs.
Lithium carbonate is used as an antacid (see Sodium Bicarbonate,
p. 153), antirheumatic, and diuretic. It is also used to render the
secretions slightly alkaline. It is used in the manufacture of some
lithia or mineral waters. Average dose -0.5 Gm. (approximately
7} grains). :

LITHIUM CITRATE
Lathium Crtrate, N. F. VIII

Formula, C;H,.OH.(COOL);; CHLCOOL

C(OINCOOLi
|
CH,COOLi

Molecular Weight, 209.92

Physical Properties. —Lithium Citrate occurs as a white powder,
or in small white granules. It is odorless and has a cooling, faintly
alkaline taste. Upon exposure to moist air, the salt deliquesces and
when heated to 165° C. it loses not more than 26 per cent in weight.

One Gm. of Lithium Citrate is soluble in 1.4 cc. of water at 25° (',
It is very slightly soluble in alcohol and insoluble in ether.

Chemical Properties.— When Lithium Citrate is ignited, it decom-
poses into inflammable vapors having a pungent odor, carbon
dioxide, lithium carbonate and particles of carbon. Upon prolonged
ignition, a residue of lithium carbonate remains.

Official Tests for Identity.—1. A 5 per cent solution of the salt
gives a faintly alkaline reaction with litmus paper. The solution
is not reddened by 1 drop of phenolphthalein test solution.

2. Lithium tests given under lithium ion (p. 139).

3. When an aqueous solution of the salt is boiled with an equal
volume of calcium chloride test solution there is produced a white
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precipitate of calcium citrate (1), which is insoluble in cold potas-
sium hydroxide solution.

(1) ZIJi;;CeIIb()T '+‘ 3C3Clg —> (_13,3(C0H507)2 l + 6LiCl

Commercial Manufacture.— Lithium Citrate is made by adding
lithium carbonate to a solution of citric acid until the latter is
neutralized (2). The solution is filtered, concentrated, and then
allowed to crystallize.

(2) 2H’!CGH507.}12() + 3Li2(‘0; - 2L13C511507 + 3C02 T+ 4H20
(420.16) (221.64)

Anhydrous lithium citrate may be obtained by evaporating the
solution obtained as above to dryness and heating the residue at
140° C.

Pharmaceutical Preparation and Uses.—-1. Lithaum Citrate (Lithii
Citras), N. . VIII.—Lithium Citrate, when dried at 165° C. for
three hours, contains not less than 99 per cent of C;1,.OH.(COOLA)s.

Lithium citrate is used for the same purposes as other citrates
(see Sodium Citrate, p. 183) and lithium carbonate (¢. ».). On
account of its weak alkaline taste it is more agreeable to take than
other lithium salts. Furthermore, it is said to be less irritating
to the stomach. Average dosé€--0.5 Gm. (approximately 7} grains).



CHAPTER XI
SODIUM AND SODIUM COMPOUNDS
SODIUM

Symbol, Na. Valence, I. Atomic Weight, 22.997; Atomic Number 11

History. —The metallic element sodium was discovered by Sir H.
Davy in 1807 when he electrolyzed sodium hydroxide. Shortly
afterward, Gay-Lussac and Thénard suggested a method whereby
molten caustic soda could be decomposed by means of red hot iron.
This method in turn was succeeded by Brunner's process of igniting
sodium carbonate with charcoal. In 1886, Castner recommended
the use of sodium hydroxide in place of sodium carbonate and
thereby greatly lessened the cost of manufacture. Later, he advo-
cated the use of iron carbide to replace charcoal and this process is
still used. In 1890, Castner patented an electrolytic process by
which most of the metallic sodium of commerce was made for a
long time. In 1924, J. C. Downs patented the process by which
metallic sodium is made today.

Occurrence.— Sodium, like the other chemical elements belonging
to the group of alkali metals, is found abundantly and widely
distributed in Nature, but always in combination. Sodium chloride
forms more than two-thirds of the solids dissolved in sea water. It
occurs also in the form of rock salt in the earth. Many compounds
of sodium are constituents of spring water, and in combination,
sodium is universally distributed in vegetable and animal organisms.

Soda felspar (NaAlSi;Os) is present in enormous quantities
throughout the rocky crust of the earth. The decomposition of
igneous rocks accounts for the presence of sodium compounds in
all soils. Sodium carbonate is found widely distributed in Nature
as the constituent of many mineral waters and as the principal
saline component of natron or trona lakes. Sodium carbonate
occurs as efllorescences in lower Iigypt, China and Persia, and as a
natural deposit in warm and dry districts of many countries, e. g.,
Fgypt, India, and also in California, Nevada and Wyoming. In
the latter localities it is usually found mixed with sulfates, chlo-
rides or borates. The crude alkaline crusts of carbonate occurring
in ITungary are known as “Szckso.” In Nature, sodium sulfate
occurs as thenardite (Na,SO;—anhydrous) in Chile, and in rock
salt deposits in Spain. Large deposits of sudium nitrate are found
in the district of Atacama and the province of Tarapaca. A double
fluoride of sodium and aluminum (Na,All) called cryolite is ex-
tensively mined in Greenland and elsewhere.

Physical Properties. —Sodium is a soft metal having a silvery-white
luster when freshly cut. At ordinary temperatures the metal has
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the consistency of wax and can be readily cut with a knife. It
hardens on cooling. It has a specific gravity of 0.97 (20° C.), a
melting-point of 97.5° C., and boils at 880° C., giving a green vapor
which is a monatomic gas. Because of its marked tendency to lose
an electron and pass from the elemental into the ionic state, sodium
occurs fourth in the electromotive series of the metals.

Chemical Properties of Sodium and Sodium Ion.—Sodium is very
active chemically. Because of this activity it is stored under an
inert liquid such as kerosenc to retard the action of air and moisture
upon it. When exposed to the air, it rapidly becomes covered with
a dull gray coating which is a mixture of hydroxide, oxide and
carbonate of the metal. When heated in air, it burns with a bright
yellow flame, forming sodium monoxide (Na,O) and sodium per-
oxide (Na;OQz). Sodium decomposes water with the formation of
the hydroxide and the evolution of hydrogen (1), which inflames
only when hot water is used.

(1) 2Na + 2H,0 — 2NaOH + H, 7
It also reacts with alcohols in an analogous manner (2).
(2) 2Na + 2ROH — 2RONa + I1, 1

When dry ammonia gas is reacted with sodium metal, a com-
pound known as sodium amide (or sodamide) is formed (3).

(3) 2Na + 2NTI, — 2NaNIL, + H,T

The reaction is quite analogous to the reaction of sodium with water.

The element combines directly with most non-metallic elements,
especially in the presence of a trace of moisture. Sodium forms an
amalgam (an alloy of mercury with another metal), which is said
to contain one or more compounds of the two elements, although
the amalgam behaves chemically like a simple mixture of the two
metals. When the amalgam contains more than a small amount
of sodium, it is a solid and is frequently used as an active reducing
agent instead of pure sodium because of the ease with which the
interactions of the metal with aqueous or aleoholic solutions may
be controlled. An amalgam containing 2 per cent of Na is a soft
solid having a silvery luster. The reaction of the amalgam may be
pictured as simply a reaction of sodium with water or alcohol,
since sodium hydroxide (or a sodium alkoxide in the case of an
alcohol) together with hydrogen is formed and mercury deposited.

Sodium ion does not form very many insoluble salts, but the few
that are known deserve mention. Uric acid, for example, reacts
with sodium ion to form two possible salts, the acid urate (4) and
the normal urate (5).

(4) }I2C5H2().<N4 + NaOII i NaIIC511203N4l + I’IQO
sol. in H,O = 1:1200 (cold)
(5) I‘IzC5}1203N4 + 2Na()H - N32C5H20.;N4L + 2I120
sol. in HyO = 1:75 (cold)
10
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Tse has been made of the relative insolubility of the sodium urates
together with other chemicals in the chemical demineralization of
sea water for the emergency preparation of drinking water.! ‘

When a freshly prepared solution of potassium antimonate? 13
added to a neutral or slightly alkaline (with KOII) solution of sodium
chloride and the mixture allowed to stand for an hour, a white
crystalline precipitate of disodium pyroantimonate (nearly insoluble

in water) settles out (6).
(6) 2KH,SbO; + 2Nat+ — Na,H:Sb,07 | + oK+ + H,0

There is a group of reagents which forms so-called triple acetates
with sodium. Chief among these are zinc uranyl acetate, mag-
nesium uranyl acetate and cobalt uranyl acetate. They have the
property of forming relatively insoluble salts with sodium ion
having, in general, the following composition:

3UO(CaIT30.),. M(C.I,0:),. NaCaHy0,. 6H,0,
where M = Zn, Mg or Co

The zinc salt has been recommended as a reagent for the gravimetric
determination of the sodium ion.? Ilowever, it is said that the
cobalt derivative is more suitable for qualitative testing because
it is not interfered with by potassium ion.

Official Tests for Identity of Sodium Ion.—1. When sodium com-
pounds are converted to the chloride or nitrate salt they will yield
a golden-yellow precipitate with cobalt-uranyl acctate T.S. upon
agitation. (See under Chemical Properties of Sodium and Sodium
Ton.)

2. Sodium compounds will impart an intense yellow color to a
non-luminous flame. This test may be said to be almost too sensi-
tive in that it is difficult to tell from the color and intensity of the
flame whether significant amounts or mere traces of sodium are
present.

C9mmercial Manufacture.—The method of production of metallic
sodium has changed in the last twenty years. The most importanf
old or new commercial methods, however, have been electrolytic
in nature. The principal difference in the old and new methods is
in the electrolyte used. o

The older method, now almost obsolete, was the Castner electro-
lytic process which was used extensively until approximately 1925
Brieﬂ)f, it depended upon the electrolysis of fused sodium hydroxide
(caustic soda) to yield sodium metal and hydrogen at the cathode
and oxygen at the anode.

! g;tﬁ;)f::ient 2"363"32(% oo also J. Chem. Ed., 22, 96 (1945).

The material s then dissolved fn water, fltered ani cxomrerig. il By droxide.
solut}on ig di_ges‘ted with u‘large excess of potassium hydroxide in n silver dishS yr’lI"Il)y-
alkaline liquid is decant.eu, granulated and dried in the usual way. This r;m e"{
must be kept dry and dissolved only when required for use, because in S()lllti()gl’l l;t

changes to tetrapotassium pyroantimonate (KiSb:07), which does not precipitate

sodium ion.
3 Barber and Koltoff: J. A. C. 8., 60, 1625, (1928).
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In 1924, J. C. Downs patented the electrolytic process now in
extensive use. It differs from the Castner process in that the less
expensive sodium chloride is used as the electrolyte in place of
sodium hydroxide (which must be manufactured from NaCl).
Because the melting-point of NaCl (804° C.) approaches the boil-
ing-point of metallic sodium (880° C.) the process at first encoun-
tered trouble because it was difficult to collect the sodium metal.
High temperatures, such as those existing in the cell, caused the
sodium metal to form a “fog” which was exceedingly difficult to
condense. Ilowever, the addition of electrolytes which are un-
changed by electrolysis to the fusion bath was found to bring the
melting-point of the bath down to about 600° C. and this solved
the problem. The Down’s Cell is represented diagrammatically
in Figure 10.

\

Fi1G.10.  The Downs Cell. (By permission of ‘Timn, General Chemistry, copyrighted,
1944, by McGraw-Hill Book Co., Inc.)

Pharmacology of the Sodium Ion.—The sodium ion is almost
devoid of any demonstrable drug or chemical effect upon the human
body. This would be expected from the knowledge that sodium
ion is normally present in the body fluids in relatively large amounts,
and it would be unreasonable to expect pronounced drug effects by
adding more sodium ton. However, the sodium ion is extremely
important because of the osmotic effects it is capable of producing.
The sodium ion is the predominant cation in the so-called extra-
cellular fluid (that outside the cells, 7. e., in the circulation and
surrounding the tissue cells), whereas the potassium ion is the
predominant cation in the intracellular fluid (Huid inside the cells).
It is well known that an osmotic gradient (with a consequent flow
of water molecules) results when the concentration of water mole-
cules on one side of a semipermeable membrane (permeable to water
molecules but not to salts) exceeds the concentration on the other
side. Therefore, in the body we have essentially a balanced system
of electrolytes where sodium ions (associated with various anions,
principally chloride and bicarbonate) exist on one side of a mem-
brane (the cell wall) and potassium ions (also associated with
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several anions) exist on the other side. It is believed that it is the
sodium ion which is unable to pass through the membrane rather
than the potassium ion. In this way, an osmotic gradient is set
up in one direction or another through the cell wall, dependmg on
whether the sodium-ion concentration of the extracfallular fluid is
hypotonic or hypertonic to the electrolyte concentration of .the cell
contents (intracellular fluid). If the extracellular solution 1s l'lyp(.)-
tonic, water molecules flow into the cell, whereas if the solution 1s
hypertonic water flows out of the cell and it becomes.dehyflrat?d.
Needless to say, if the sodium-ion concentration is isotonic with
the cell contents no osmotic gradient exists and, therefore, no flow
of water molecules will take place. From the foregoing dism'lssion,
it is apparent that while the sodium ion has no specific action on
the body tissue, its osmotic function is highly important with
regard to the distribution of fluids in the body.

Disturbances causing an abnormal sodium content in the body
fluids lead to several well-defined clinical symptoms. Among the
common causes for such disturbances may be excessive vomiting,
diarrhea or perspiration. A detailed discussion! of the alterations
in blood sodium and consequent effects is not within the scope of
this book. Tt should be pointed out, however, that the intelligent
treatment of conditions arising from abnormal fluid distribution
demands a knowledge of the osmotic phenomena bringing about
the condition. For example, cardiac patients often display an
edematous condition (excess fluid in the tissues). One might jump
to the conclusion that since sodium chloride is a diurctic, a good
way to get rid of the extra fluid in the tissues would be to admin-
ister sodium chloride in sufficient amounts. Ilowever, in this case,
it would be exactly contraindicated, since it would cause a hyper-
tonic condition of the extracellular fluid. This, of course, would
attract water from the intracellular fluid aggravating the edematous
condition. For this reason, cardiac patients usually are on a low
sodium chloride (or any sodium salt) diet.

OFFICIAL COMPOUNDS OF SODIUM

SODIUM ACETATE
Sodium Acetate, N. F. VIII
Formula, CH;.COONa.3H,O. Molecular Weight, 136.09

Physical Properties.—Sodium Acetate occurs as colorless, trans-
parent monoclinic prisms, or as a granular, crystalline powder. It
is odorless or has a faint acetous odor and has a cooling saline taste.
When exposed to dry, warm air, the salt effloresces. Its density
is 1.45.

! Goodman and Gilman: The Pharmacological Basis of Therapeutics, p. 682,
1941.
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One Gm. of Sodium Acctate is soluble in about 0.8 ce. of water
and in about 19 cc. of alecohol, at 25° C. Tt is insoluble in ether.

Official Tests for Identity.—1. The salt responds to the “Official
Tests for Identity of Sodium Ion” (p. 146).

2. When heated to about 58° C., the salt begins to liquefy, and
at 120° C. it becomes hard and anhydrous. At higher temperatures
it decomposes, emitting inflammable vapors and leaving a residue
of sodium carbonate and carbon (1).

(1) 2CIICOONa- 31,0 4 40, — Na,CO; + 9H,0 + 3CO.T

The residue gives positive tests for sodium, is alkaline to litmus

paper and effervesces with acids (carbonates).

3. Sodium acetate gives all of the tests characteristic of Acetates:
(a) Acidification of sodium acetate or its solutions causes the

cevolution of an acetic acid (vinegar) odor, particularly if the mixture

is warmed (2).
(2) 2CH;COONa + H.S04 2 2CH;COOH + Na.SO,

) If sodium acetate is warmed with sulfuric acid and ethyl
alcohol the acid is esterified to form cthyl acetate which possesses
a characteristic odor (3). The acid is formed first according to
equation (2), and then the esterification takes place.

vr gy H250; ,
3) CIL,COOH + C,II,OH ———— CILCOOC.I; + H.0

(¢) Ferric chloride 'I.S. added to solutions of acetates causes the
formation of a deep red color due to ferric acetate (4).! This color is
destroyed by mineral acids.

4) FeCly + 3CILCOONa = (CILCOO);Fe + 3NaCl

Commercial Manufacture.—1. Sodium acetate 1s made by neutra-
lizing acetic acid with sodium carbonate or bicarbonate, filtering,
and evaporating the resulting solution to crystallization (5).

(6) 2CH;COOH 4+ Na,('O; — 2CH;COONa + H,0 4+ CO, T
or

CHCOOH + NallCO; — CIT;COONa +11.0 + CO, T

2. Tt is also made by adding sodium carbonate (in small quanti-
ties at a time to avoid too rapid effervescence) to distilled wood
vinegar (from pyroligneous acid) until the acid is neutralized. The
tarry substances on the surface of the liquid are removed and the
brown liquid, after being clarified by standing, is drawn off into
shallow iron pans and boiled down to a specific gravity of 1.23.
The sodium acetate is then crystallized in sheet-iron boxes. The
crystals are drained from the mother liquor and centrifuged. When
the impure sodium acetate crystals thus obtained are recrystallized
from hot water, a very pure salt is produced. Very often the solu-

! Some workers attribute the red color to the formation of colloidal Fe(OH)s
from the readily hydrolyzable ferric acetate.
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through bone black or

tion of impure sodium acetate is filtered o

boiled with about 10 per cent of the same decolorizing agent.
decolorized solution is filtered, concentrated and crystallized.
Laboratory Preparation.— Dissolve 40 (Gm. of lead acctate in
120 cc. of water and 13 Gm. of monohydrated sodium carbonate 1«
like volume of water. Filter each solution and then add th(f solutn.m
of lead acetate to that of the sodium carbonate, stirring l)rlsk]:\'--({)).
When the precipitate has settled, decant the supernatant liquid,
wash the precipitate with a little cold distilled water and ad'd‘the
washings to the decanted liquor. Tilter. Then add a sufficient
quantity of acetic acid to this solution to render it distinctly acid to
litmus paper. Evaporate to 50 cc. and set aside to cool and crystal-
lize. Remove the first crop of crystals and concentrate the mother
liquor by evaporation and again allow to crystallize. The prodpct
should be dried in a current of air at a temperature not exceeding
30° C.
(6) 3Pb(C3H30,)2.311,0 + 3Na,COLITO + TH.O — (PbCO3)..-
Pb(OH): | + ONaC,IT,0,.311,0 + CO. T

Pharmaceutical Preparations and Uses.—1. Sodium Acetate (Sodii
Acetas), N. . VIII.—Sodium Acetate, when rendered anhydrous
by drying at 120° C., contains not less than 99 per cent of CH;-
COONa. The acetate ion itsclf does not seem to possess any
particular therapeutic virtue, except insofar as it is associated with
a cation and functions as a means of introducing the cation into
the body fluids. Thus, sodium acetate when orally administered
is absorbed and casily oxidized in the tissues to sodium bicarbonate.
Its physiological action is reflected in the fact that it causes a
hypertonic condition of the extracellular fluid which attracts water
from the cells into the extracellular fluid. This “salt effect” results
in a diuretic action, since the kidneys regulate the electrolyte con-
centration of the body fluids by excreting water and varying
amounts of salts. At the same time the formation of bicarbonate
tends to relieve systemic acidosis and lessen the acidity of the urine.
Sodium acetate, therefore, is of particular value as a diuretic in the
treatment of cystitis and diseases of the urinary tract associated
with highly acid urine.

In order to fuse sodium acetate it requires about four times as
much heat as is absorbed by an equal volume of water and, because
this heat is very slowly evolved, the fused salt is used as a filler for
foot warmers and many other types of thermophores. Average
dose—1.5 Gm. (approximately 22 grains).

2. Theobromine and Sodium Acetate (Theobromina et Sodii
Acetas), U. S. P. XIII.—“A hydrated mixture of theobromine
sodium (C/H;N,O;Na) and sodium acetate (NaC,H,0,) in approxi-
mately molecular proportions. It yields not less than 55 per cent
and not more than 65 per cent of theobromine (C;IIzN,0,).”
The purpose of the sodium acetate in this preparation is to solubilize
the theobromine by forming a water-soluble double salt. Theo-
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bromine preparations are effective diuretics which are of particular
value in cardiac edemas. Average dose—0.5 Gm. (approximately
71 grains).

3. Theobromine and Sodiwn Acetate Capsules (Capsulee Theobro-
mine et Sodii Acetatis), U. S. P. XIII.—These capsules ““contain
an amount of theobromine, C;1I,N,0),, equivalent to not less than
53 per cent and not more than 67 per cent of the labeled amount of
theobromine and sodium acetate, including all tolerances.”

4. Theophylline and Sodium Acetate (Theophyllina et Sodii Acetas,
Theophylline With Sodium Acetate), U. S. P. XIII.—*“A hydrated
mixture of theophylline sodium (C;H;N,0,Na) and sodium acetate
(NaC,I130,) in approximately molecular proportion. It yields not
less than 55 per cent and not more than 65 per cent of anhyvdrous
theophylline (C;HgN,0,).”  This is another double salt of sodium
acetate in which sodium acetate acts merely to solubilize the thera-
peutically effective compound. Theophylline is said to be a better
diuretic than theobromine but, because its action is not as lasting
and because it exhibits some undesirable side effects, theobromine
is the preferred drug. Average dose—0.2 Gm. (approximately
3 grains).

5. Theophylline and Sodium Acetate Tablets (Tabellee Theophyl-
line et Sodii Acetatis), U, S. P. NIII.—-These tablets “contain an
amount of anhydrous theophylline (C;11,N,0,) corresponding to
not less than 53 per cent and not more than 67 per cent of the
labeled amount of theophylline and sodium acetate, including all
tolerances.”

DISODIUM HYDROGEN ORTHOARSENATE.-(See p. 525.)

SODIUM BICARBONATE
Sodium Bicarbonate, U. S. . XTIT
ONa
/ .
Formula, NalICO),; O-=C Molecular Weight, 84.02
AN
Ol

Physical Properties.—Sodium Bicarbonate 1s a white, odorless,
crystalline (monoclinic) powder. It is stable in dr: air, but in
moist air it slowly decomposes into sodium carbonate, carbon di-
oxide and water. Tt has a specific gravity of 2.206.

One Gm. of Sodium Bicarbonate is soluble in 10 cc. of water at
25° C. It is insoluble in alcohol.

Chemical Properties.—When heated, the salt loses water and
carbon dioxide and is converted into the normal carbonate (1).

(1) 2NalICOj; --» Na,CO; + H,0 + CO, 1

The above decomposition takes place whether the dry salt or a
solution of it is heated. It accounts for one of the major difficulties
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in attempting to sterilize either the dry salt or solutions of it since
the sodium carbonate solution which remains is much more alkaline
than the bicarbonate solution and consequently would be dangerous
to use parenterally.

Another characteristic reaction of bicarbonate (also carbonates)
is that carbon dioxide is liberated when treated with acids (2).

(2) NaHCO; + HA — NaA + CO. T + H:0
ITA = any acid

The liberated CO, bubbling through the liquid is called effervescence.
Effervescent tablets and salts make usc of the reaction of sodium
bicarbonate with acids (usually organic acids, e. ¢., tartaric acid,
citric acid, etc.), because in the dry state the bicarbonate and acid
do not react, wherecas, when introduced into water a vigorous
evolution of CQ, takes place.

A discussion of the chemistry of sodium bicarbonate in a book
dealing with its medical aspects would not be complete without
mentioning the sodium bicarbonate:carbonic acid buffer system of
the blood plasma. The normal acid-base balance of the plasma is
maintained by three mechanisms working together: the buffers of
the body fluids and red blood cells; the pulmonary excretion of
excess carbon dioxide; and the renal excretion of either acid or
base, whichever is in excess.

HA 5 [A]" + [H]

NallCO; 5 [Na]t + [HCO;)~
NaA H,CO; &5 H:0 4+ CO-
Excreted Exereted
by kidneys through lungs

BOH & [OH] + [B]*
+ +
CO: + H.O 5 HyCOs &5 [?Tﬁ + [HCO-

H:0 BHCO; 4 NaCl & NallCO; + BCI
Excreted
by kidneys
F1a. 11.-—Mechanism of bicarhonate: carbonic acid buffer system. * A’ represents
a radical of fixed (non-metabolizable) acid; “B,” a radical of fixed base.

Although there are other buffer systems in the plasma, e. g¢.,
(1) the sodium phosphate:sodium biphosphate system (see p. 207)
and (2) the proteins, the NaHCO;:H,CO; buffer system is by far
the most important. This buffer system involves an equilibrium
between sodium bicarbonate and carbonic acid. At a given pI,
the ratio of the concentrations of the two substances is constant.
While the workings of the system are complex in detail, they are
simple in principle. If an excess of acid is liberated in the body,
it is neutralized by some of the sodium bicarbonate; the excess
carbonic acid decomposes into water and carbon dioxide and the
latter is excreted by the lungs until the normal ratio is achieved.
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If an excess of alkali arises in the body, it combines with carbonic
acid to form bicarbonate, and more carbonic acid is formed from
carbon dioxide and water to restore the balance. Since carbon
dioxide is an end-product of the metabolism of all types of food-
stuff, there is always an abundant supply upon which to draw.
The situation may be represented as in Figure 11.!

Official Tests for Identity.—1. The salt effervesces when treated
with acids (2), and the CO, which is formed will cause a precipita-
tion of CaCQO; when passed into lime water (contains Ca(OII),) (3).

(3) Ca(OH), + CO, — CaCO, | + ILO

2. A cold aqueous solution of sodium bicarbonate, if pure, will
not cause phenolphthalein to color red which serves to distinguish
it from soluble carbonates. Sodium carbonate, for example, colors
phenolphthalein an intense red.

3. An aqueous solution responds to all the tests for sodium
ion (q. v.).

Commercial Manufacture.—Sodium bicarbonate is made by the
Solvay Ammonia Soda process which will be described in some
detail under Sodium Carbonate (p. 170). It can also be made by
passing carbon dioxide into a very cold, saturated aqueous solution
of sodium carbonate. On account of its lower solubility in water,
sodium bicarbonate precipitates (4).

(4) Na,CO; + IO + CO, — 2NaHCO;y

Pharmaceutical Preparations and Uses.--1. Sodium Bicarbonate
(Sodii Bicarbonas, Baking Soda), U. S. P. XIII.—Sodium Bicarbo-
nate, when dried over sulfuric acid for six hours, contains not less
than 99 per cent of NaHCO,. Sodium bicarbonate is used medic-
inally principally for its acid neutralizing properties. It is used
(a) to combat gastric hyperacidity, (b) to combat systemic acidosis
and (¢) for miscellaneous uses.

(¢) Because sodium bicarbonate is such a common household
chemical it is considered by the layman as a rather innocuous
chemical and, in this way, has become quite popular for treating
gastric hyperacidity and a multitude of other stomach ailments.
It is common for the patient to attempt to treat “gas on the stom-
ach” with sodium bicarbonate or an antacid powder containing it.
Since the stomach is normally acid and thus reacts with carbonates
or bicarbonates to liberate gaseous carbon dioxide, it is difficult
to sec where any benefit can be derived.

Of more serious consequence than the occasional use for gastric
upset is its continued use in relatively large doses for the mitigation
of the pains associated with peptic ulcer. The cause of the peptic
ulcer is often traced back to the initial use of sodium bicarbonate,
because sufficiently large doses of sodium bicarbonate will effectively
neutralize all of the stomach acid and perhaps impart a slightly

1 Abstracted in part from an article, Alkalosis, Physicians Bulletin, p. 19, pub-
lished January-February, 1947, by Eli Lilly & Co.
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alkaline reaction to the gastric fluids. Since the stomach n()rl.nfxlly
operates at an acid pH this obviously is an abnorrqal’condltlon-
"Therefore, when the sodium bicarbonate has been eliminated, the
stomach again secretes acid, but usually in larger amounts than
were previously found in the stomach. Thlg constitutes what is com-
monly known as “ rebound acidity,”” and relief from tl.1e excess agl('ilty
is sought by again using sodium bicarbonate. I.n tlus:. way, a viclous
cycle may be set up which can end in the formation of a peptic ulcer.

In spite of the misuses of sodium bicarbonate mted.a!)ove. the
drug is of established value in treating gastric hyperacidity, when
used in controlled doses.

Oral administration of the drug also causes a lessening of th.e
acidity of the urine or may even produce an alkalinization. This
effect is of value during the administration of certain drugs to
increase their effectiveness or lessen the possibility of their crystal-
lizing in the kidneys or urinary tract. Notable among these
drugs is sulfanilamide and its related drugs which are often pre-
scribed with sodium bicarbonate for the purpose of preventing if
possible the deposition of crystals of the conjugated sulfa drug in
the kidney with consequent mechanical injury to that organ.! It
might be pointed out, however, that the trend of opinion seems to be
that large amounts of fluids ingested during the sulfa treatment
are more apt to prevent this so-called “crystalluria” than is sodium
bicarbonate. More recently, the administration of two or more
sulfa drugs simultancously has been quite effective, based on the
principle that a given volume of liquid will hold more of the two (or
more) than of any one. In addition to the use of sodium bicarbo-
nate with drugs, it has been shown that changing the reaction
of the urine alternately from acid to alkaline may have a beneficial
effect in the treatment of certain types of urinary tract infections.

Occasionally, it is found that the simultaneous administration of
sodium bicarbonate with other drugs inhibits the activity of the
administered drug. Such a therapeutic incompatibility is found
in the case of sodium bicarbonate and sodium salicylate? which are
often prescribed in equivalent amounts, the sodium bicarbonate
being administered to alleviate the gastric discomfort attendant
upon oral sodium salicylate administration. The investigators
found that the administration of sodium bicarbonate and sodium
salicylate simultancously in equal amounts greatly retarded the
rise in the serum salicylate level in contrast to sodium salicylate
alone which rather quickly brings up the salicylate level. Further-
more, if a satisfactory salicylate level in the blood is reached by
sodium salicylate alone, it was found that oral administration of
sodium bicarbonate would markedly reduce the level.

(b) Sodium bicarbonate is administered parenterally and orally
to combat systemic acidosis. Its effect is mainly to increase the
alkali reserve of the blood and to replace sodium ion in cases of

! Flippin and Reinhold: Ann. Int. Med., 25, 433 (1946)
2 J. A. M. A, 125, 1173 (1944)
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clinical dehydration. Because it could easily be given in excessive
amounts causing an alkalosis its intelligent use requires that the
alkali reserve of the blood be determined before its administration.
Inasmuch as it requires a laboratory analysis to determine the
alkali reserve of the blood and because it is so difficult to sterilize
sodium bicarbonate, several other sodium salts have been suggested
as replacements, e. g., sodium lactate, sodium citrate, etc. These
salts arc claimed to be superior because the organic portion of the
molecule is oxidized in the tissues to yield essentially sodium bicarbo-
nate with the advantage that they can be sterilized and do not tend
to cause alkalosis.

(¢) When moistened with water, sodium bicarbonate is used as
a local application for burns, insect bites, ete. It is also commonly
used as a dentifrice although its taste does not lend itself to this
purpose very well. - Average dose-—2 G, (approximately 30 grains).

2. Chindgfon (Chiniofonum), U. S. I>. XIIL.—This preparation
contains 7-iodo-8-hydroxyquinoline-3-sulfonic acid, its sodium salt
and sodium bicarbonate (about 20 per cent). It is required to
contain not less than 26.5 per cent and not more than 29 per cent of
iodine (I). The sodium bicarbonate appears in the method of prep-
aration in which 1 part of sodium bicarbonate is added to 4 parts of
the sulfonic acid. The reason for the presence in this preparation of
three species of compounds is explained on the basis that in the
mixing of dry sodium bicarbonate with dry 7-iodo-8-hydroxyquino-
line-H-sulfonic acid there is a small amount of moisture unavoidably
present which causes a small portion of the ingredients to react.
Rather than set up specific requirements for the three components
the UL S. P simply states their presence in the monograph.  IHow-
ever, when dissolved in water, the powder effervesces due to the
reaction between the acid and bicarbonate and the sodium salt
forms. Itisused in the treatment of intestinal amebiasis.  Average
dose—1 Gm. (approximately 15 grains).

3. Compound I ffervescent Powders (Pulveres Iffervescentes Com-
positi, Seidlitz Powders), U. S. P. XIII.—These powders come in
the form of blue papers and whife papers. *“'The mixture in a blue
paper weighs not less than 9.5 Gm. and not more than 10.5 Gm.,
and contains not less than 23 per cent and not more than 27 per
cent of NalICOj, and not less than 73 per ceut and not more than
78 per cent of KNaCJ,0.411,0 (potassium sodinm tartrate).
The white paper contains not less than 2 Gm. and not more than
2.4 Gm. of H,C,H,04 (tartaric acid).” These powders are used as
a mild laxative, the effect being principally due to the potassium
sodium tartrate. The reaction between the sodium bicarbonate and
the tartaric acid produces an effervescence of CO, which adds to
the general palatability of the powders. The slight excess of acid
imparts a pleasant acidulous taste to the preparation. Average
dose—*“The contents of a white and of a blue paper, each dissolved
in about 60 cc. (2 fluidounces of water), the solutions mixed, and
administered just after effervescence begins to subside.”
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4. Phenolsulfonphthalein Injection (II_ljeCtiO Pl'lenolsulfonphtha-
leini), U. S. P. XIIL.—This preparation contans among other
ingredients, 1.43 Gm. of NaHCO; per }O()O cc. ']hlS' may -be re-
placed by 17 cc. of normal NaOH if desired. The sodium bICaI‘bf)-
nate (which changes to sodium carbonate when heated) is used in
this preparation to convert the water-insoluble I)hellolStllforlpht.ha-
lein (Phenol Red) into the water-soluble sodlu'm salt. qulum
hydroxide accomplishes the same purpose. This preparation is
used as a diagnostic aid in the estimation of renal (kidney) function
by intravenous or intramuscular injection. Normal kidneys ex-
crete the drug readily, whereas in cases of impaired renal functl(?n
the excretion is slowed up. Average dose of phcnolsulfm\ph.thalom
—diagnostic—intravenous or intramuscular, 6 mg. (approximately
o grain).

5. Kffervescent Potassium Citrate (Potassii Citras Effervescens),
U. S. P. XIII.—Effervescent Potassium Citrate contains 47.7 per
cent sodium bicarbonate, 20 per cent of potassium citrate, 25.2 per
cent of tartaric acid and 16.2 per cent of uneffloresced citric acid.
The amount of sodium bicarbonate is just sufficient to react with
all of the acid present to bring about effervescence due to liberation
of CO,. Here again its main function is to improve the palatability
of the preparation by acting as a source of CO.. Average dose—
4 Gm. (approximately 60 grains). For discussion of uses see
Potassium Citrate (p. 243).

6. Effervescent Sodium Phosphate (Sodii Phosphas Fffervescens),
U. S. P. XIIL.—This preparation is analogous to the foregoing
Effervescent Potassium Citrate except that 20 per cent of exsic-
cated sodium phosphate (Na,HPO,) is used in place of potassium
citrate. It is used as a saline laxative and cathartic (see p. 208).
Average dose—10 Gm. (approximately 2} drachms).

7. Compound Acetanilid Powder (Pulvis Acetanilidi Compositus),
N. F. VIII.—This preparation contains 20 per cent of sodium
bicarbonate. The sodium bicarbonate functions as an antacid.
Average dose—0.3 Gm. (approximately 5 grains).

8. Arsenic and Mercuric Iodides Solution (Liquor Arseni et
Hydrargyri Iodidorum, Donovan’s Solution), N. . VIII.—It
requires 9 Gm. of sodium bicarbonate for the preparation of 1000 cc.
of the finished solution. The reason for the use of sodium bicarbo-
nate is to reduce the acidity of the solution to approximately
pH 6.5 to 7.5. At this pH the stability of the preparation is
greatly increased.! (For further discussion sce p. 406.) Average
dose—0.1 cc. (approximately 1} minims).

9. Cataria and Fennel Llizir (Elixir Catarie et Foeniculi, Catnip
and Fennel Elixir), N. F. VIII.—Together with other ingredients
this preparation contains 1.8 per cent of sodium bicarbonate. This
preparation is used for its carminative and antacid properties, the
sodium bicarbonate acting as the antacid. Average dose—for
infants: 0.5 cc. (approximately 8 minims).

1 Husa: J. A. Ph. A,, 21, 211 (1932).
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10. Saccharated Ferrous Carbonate (Ferri Carbonas Saccharatus),
N. I*. VIII.—This preparation requires 350 Gm. of sodium bicarbo-
nate for the preparation of 1000 Gm. of Saccharated Ferrous Carbo-
nate. The function of the sodium bicarbonate is to react with the
ferrous sulfate to formn ferrous carbonate. The bicarbonate is
used in preference to sodium carbonate because the reaction of the
former (5, 6) liberates carbon dioxide (which retards oxidation of
the formed IFeCOj;) in contrast to the latter which does not (7).
(See also p. 629.)

(5) FeSO,.7H.O + NallCO; — FeCO;] + NallSO, + 7110
(6) NalISO; + NalICO, — NaS0; + 11O + €O,
(7) ¥eS0,.7ILO + Na.CO; — FeCO;| + Na.S0, 4+ 7H,0

The preparation is used as a hematinic. Average dose—0.25 Gm.
(approximately 4 grains).

11. Mald Mercurous Chloride and Sodium Bicarbonate Tablets
(Tabellee Hydrargyri Chloridi Mitis et Sodii Bicarbonatis, Calomel
and Soda Tablets), N. I. VIII.—These tablets ““contain not less
than 92.5 per cent and not more than 107.5 per cent of the labeled
amount of HgCl for tablets containing more than 15 mg., and not
less than 90 per cent and not more than 110 per cent for tablets
containing 15 mg. or less of IlgCL”  (See p. 415 for a more extended
discussion.) Average dose—60 mg. (approximately 1 grain) of
Mild Mercurous Chloride, in tablets usually containing a fraction
of the average dose.

12. Rhubarb and Soda Mixture (Mistura Rhei et Sode), N. I
VIII.—-This preparation contains 3.5 per cent of sodium bicarbonate
in the finished product. The sodium bicarbonate is supposed to
overcome the astringent action (by neutralizing tannic acid) and
to disguise the taste of the rhubarb. The preparation is used as
a cathartic and is said to be of some value for children. Average
dose— 4 cc. (approximately 1 fluidrachm).

13. Soda and Mint Solution (Liquor Sode et Menthwe, Mistura
Sode et Mentha, Soda Mint), N. F. VIII.—Contains 50 Gm. of
sodium bicarbonate together with 20 ce. of Aromatic Ammonia
Spirit dissolved in enough spearmint water to make 1000 ce. of
finished preparation. Tt is clarified by the use of tale, if necessary.
The preparation is used as a carminative and antacid preparation.
Average dose—8 cc. (approximately 2 fluidrachms).

14. Sodium Bicarbonate and Calcium Carbonate Powder (Pulvis
Sodii Bicarbonatis et Caleii Carbonatis, Sippy Powder No. 1),
N. F. VIII.—The powder contains 77 per cent of sodium bicarbo-
nate and 23 per cent of calcium carbonate. This is one of the
powders developed by Dr. Sippy for the treatment of peptic ulcer
on the theory that healing could be induced by placing the patient
on a bland diet together with continuous ingestion of a mixture of
antacid powders. The reduction in stomach acidity then would
inhibit digestion and acid corrosion of the ulcer. The administra-
tion of the antacid powders in the quantities advocated by Sippy
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entails the possibility of incurring systemic alkalosis which can
terminate fatally unless corrective measures are taken.. However,
the success of continuous suppression of the hydrogen-ion concen-
tration of the stomach in peptic ulcer therapy has led to the dis-
covery and development of safer and perhaps more effective chemi-
cals. (See Magnesium Trisilicate, Aluminum Hydroxide, ete.)
Avcrage dose—2.6 Gm. (approximately 40 grains).

15. Sodium Bicarbonate and Calcium Carbonate Tablets (Tabellue
Sodii Bicarbonatis et Calcii Carbonatis, Sippy Powder Tablets
No. 1), N. I*. VIIL.—These tablets *‘ contain not less than 92.5 per
cent and not more than 107.5 per cent of the labeled amount of
NaHCO; and (aCO,.”” These are simply tablets of Sippy Powder
No. 1 in a convenient form for administration.

16. Sodium Bicarbonate and Magnesium Oxide Powder (Pulvis
Sodii Bicarbonatis et Magnesii Oxidi, Sippy Powder No. 2), N, I,
VIII.—This powder “contains not less than 92.5 per cent and not
more than 107.5 per cent of the labeled amount of NaHCO;, and
not less than 90 per cent and not more than 110 per cent of the
labeled amount of MgQO.” The formula used to prepare it requires
a fifty-fifty mixture of the two chemicals. Tt is used as an antacid
as described under the discussion of Sippy Powder No. 1. Average
dose—1.3 Gm. (approximately 20 grains).

17. Sodium Bicarbonate and Magnestum Oxide Tablets (Tabellae
Sodii Bicarbonatis et Magnesii Oxidi, Sippy Powder Tablets No. 2),
N. F. VIIT.—These tablets “contain not less than 92.5 per cent
and not more than 107.5 per cent of the labeled amount of NaHCOQ,”
and not less than 90 per cent and not more than 110 per cent of
the labeled amount of MgO. Again, the tablets arc a convenient
formn in which to administer Sippy Powder No. 2.

18. Sodium  Bicarbonate Tablets (Tabelle Sodii Bicarbonatis),
N. F. VIII.—These tablets contain “not less than 92.5 per cent
and not more than 107.5 per cent of the labeled amount of NaHCQ,.”"
A convenient form in which to administer sodium bicarbonate.
The tablets are usually marketed in 5 and 10 grain sizes. Aver-
age dose—same as for Sodium Bicarbonate.

19. Compound Sodium Borate Solution (Liquor Sodii Boratis
Compositus, Dobell’s Solution), N. I*. VIII.—To prepare 1000 cc.
of this solution requires 15 Gm. of sodium bicarbonate. Glycerin
and liquefied phenol are added to an aqueous solution of sodium
borate and sodium bicarbonate, and the mixture allowed to stand
half an hour or until effervescence ceases. The product is made
up to volume and filtered. (See also p. 164.) For use on mucous
membranes—undiluted; or for the dental spray bottle, diluted with
5 volumes of water.

20. Sodium Citrate Solution (Liquor Sodii Citratis, Mistura Sodii
Citratis, Potio Riverii), N. F. VIII.—This solution is prepared by
dissolving sodium bicarbonate in a solution of citric acid contained
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in a strong bottle (8). As soon as solution is effected the bottle
'is stoppered.

(8) CsHy(OH)(COOH); + 3NaHCO; — C.H,(OH)(COON=), +
3C0. T+ 3H:0

Sodium Citrate Solution is used as a diaphoretic. (See p. 185.)
Average dose—15 cc. (approximately 4 fluidrachms).

21. Diluted Sodivm Hypochlorite Solution (Liquor Sodii Hypo-
chloritis Dilutus, Modified Dakin’s Solution, Liquor Sodw Chlori-
natee Chirurgicalis), N. I. VIIL.- This solution requires the use of
sodium bicarbonate to reduce the alkalinity of the solution to
such a point that it will not cause a red coloration with powdered
phenolphthalein.  T'or a discussion of the mechanisin whereby this
takes place, see p. 195. It is used as a disinfectant and irrigant
for wounds.

SODIUM BIPHOSPHATE

Sodium Biphosphate, U. S. P. XTII

NaO_
FFormula, Nall.Oy- F,0O; H();/tl’"—*()-llg().
HO
Molecular Weight, 138.01

Physical Properties.—Sodiuin Biphosphate occurs in the form of
a white, crystalline powder or as colorless, transparent rhombic
prisms. It is odorless and has an acid, saline taste. The salt is
slightly deliquescent. Tt crystallizes in the rhombic system with
1 molecule of water, which it loses at 100° C., and becomes anhy-
drous. Sodium Biphosphate is very soluble in both cold and hot
water, but is practically insoluble in alcohol, in chloroform, and
in ether.

Chemical Properties.—When the salt is heated to 240° €., it is
converted into disodium dihydrogen pyrophosphate (1).

(1) 2NaH,PO, = Na,ILP,0; + HL,0

When this salt (Na.H,P:0-) is heated to 240° C., it is changed into
sodium metaphosphate (2) and modifications of sodium metaphos-
phate, such as Na,P,Os, etc., the composition of the latter depending
upon the conditions of heating.

(@) NagHP,0; = 2NaPO, + H,0

Although sodium biphosphate is a sodium salt of phosphoric acid,
it is the result of replacing only one of the hydrogens of orthophos-
phoric acid with sodiumn and consequently exhibits acidic properties.
The acidic properties can be largely attributed to the ionization of



160 SODIUM AND SODIUM COMPOUNDS

H,PO,~ (4) which results from the ionization of sodium biphos-
phate (3).

(3) NaH,PO, < Nat + H.PO, _

(4) I‘IzPO[‘ + Hzo = IIsO+ + HPO4_

The ionization in equation (4) takes place to approximately the
same extent as the ionization of hypochlorous acid (HOCI) or the
jonization of the first hydrogen in carbonic acid. It is sufficiently
acid to decolorize phenolphthalein but is not acidic enough to turn
methyl orange yellow. Of course, the IIPO,™ is also capablg of
ionizing but only to such a small extent that it is-virtually negligible.
(Sece p. 126.)

Official Tests for Identity.— 1. Solutions of Sodium Biphosphate
are acid to litmus paper and effervesce with sodium carbonate (5).

(5) QNRIIQP(),; + Naz(‘();;’—’ 2NagHPO4 + }IQO + COzT

2. A 1 in 20 solution of sodiumn biphosphate responds to all of the
official tests for sodium ion (q. v.) and for phosphate ion (g. v.).

Commercial Manufacture.-- When orthophosphoric acid is added
to a solution of secondary sodium orthophosphate and the solution
evaporated, monohydrated sodium dihydrogen orthophosphate crys-
tallizes out in rhombic prisms (6).

(G) N&gHPOq + IIgPOq hd 2NaIIzPO4

Pharmaceutical Preparations and Uses.—1. Sodium Biphosphate
(Sodii Biphosphas, Sodiuin Dihydrogen Phosphate, Monosodium
Orthophosphate, Sodium Acid Phosphate), U. S. . XIII.—Sodium
Biphosphate, when dried to constant weight at 100° C., should
contain not less than 98 per cent of Nall,POs.  This salt is admin-
istered internally to produce distinctly acid urine. It renders the
urine acid because when absorbed it tends to disrupt the buffer
system of phosphates in the blood. However, the kidneys excrete
the excess phosphate as sodium acid phosphate which accounts
for the urine acidity. The sodium biphosphate may be alternated
with sodium bicarbonate for the purpose cited under Sodium
Bicarbonate (p. 154), 2. e., to cause change of urine reaction from
acid to alkaline or vice versa. Another important reason for the
acidification of the urine is to “activate” certain antiseptic drugs,
particularly methenamine. Methenamine itself is not antiseptic,
but formaldehyde is liberated from it in acidic media. Formalde-
hyde, of course, is highly antiseptic and thus the methenamine
combined with an acid urine acts as an antiseptic in the treatment
of cystitis and other urinary tract infections.

Technical grades are used in some baking powders. Average
dose—0.6 Gm. (approximately 10 grains).

2. Methenamine und Sodium Biphosphate Tablets (Tabelle Meth-
enaming et Sodii Biphosphatis, Tablets of Methenamine and Acid
Sodium Phosphate), N. F. VIII.—These tablets “contain not less
than 92.5 per cent and not more than 107.5 per cent of the labeled
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amounts of (CH:)sNs and of NaH,PO,. H,O” and are a convenient
way of administering sodium biphosphate with methenamine.
However, the best way to administer the sodium biphosphate is
midway between doses of methenamine.

SODIUM BORATE
Sodium Borate, U. S. P. XIII
Formula, Na,B,0;. 10H,0. Molecular Weight, 381.43

Physical Properties.— Sodium borate occurs as colorless, odorless,
transparent, monoclinic crystals. It has a sweetish, alkaline taste,
and effloresces in warm, dry air. Its specific gravity is 1.694
17° C.).

One Gm. of sodium borate is soluble in 16 cc. of water and in
about 1 ce. of glycerin, at 25° C. One Gm. dissolves in about 1 cec.
of boiling water. It is insoluble in alcohol.

Chemical Properties.— When sodium borate is heated, it loses part
of its water of hydration and swells to a white, porous product.
When the heat is increased to redness, the remainder of the water
is expelled and the salt fuses to a colorless liquid, which on cooling
forms a transparent mass known as borax glass or bead. If the
formula for sodium tetraborate is written (NaBQO,),.B,0; it will
be noted that a considerable excess of boric anhydride (B:0;) is
present. This may unite with basic oxides to form mixed metabo-
rates (1). These usually have a characteristic color and are used
in qualitative analysis to test for various cations.

(1) (NaBQy),.B:0; + CuO — (NaBOy).. Cu(BO,).

An aqueous solution of sodium borate is distinctly alkaline to
litmus paper and to phenolphthalein T.S. This is accounted for
by the fact that sodium tctraborate is hydrolyzed by water into
sodium metaborate and boric acid (2), and the former is further
hydrolyzed to sodium hydroxide and boric acid (3). Dilution
increases the hydrolysis.

(2) Na«_»B407 + 3H20 framd QNRBOQ + 2H3B03
(3) NaBO, + 2H.0 =2 NaOH + H;BO;

That the hydrolysis takes place as described above can be demon-
strated by adding silver nitrate T'.S. to a saturatea solution of
borax. White silver metaborate is precipitated (4). On the other
hand, when silver nitrate T\.S. is added to a very dilute solution of
borax, silver oxide (black) is precipitated (5).

(4) NaBO, + AgNO; — AgBO: | + NaNO;
(5) 2NaOH + 2AgNO; — Ag,0] + 2NaNO, 4+ H:0

When acidified, aqueous solutions of sodium tetraborate will
deposit crystals of boric acid (6).

(6) N32B4O7 + I’IQSO,; + 5H20 — Na2504 + 4II3B031,
11
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Official Tests for Identity.— 1. Turmeric paper 1s co]qred reddxlsh-
brown by an acidulated (HCI) aqueous §olutlon of §0dlllsm ;letn I)O-
rate. If the dried paper is moistened with ammonia T.S. the color
changes to greenish-black. This is a genc;ral test for borates.

2. When the salt is treated with sulfuric acid, methanol ad,d‘(-(‘],
and the mixture ignited, it burns with a green-bordered flame. This
is a general test for borates, and depends first upon the formation of
boric acid according to equation (6), followed by the esterification ol
the boric acid with the methanol (7) to form trimethylborate which

burns with a green flame.

Commercial Manufacture.--Ninety per cent of the world supply
of borax is said to be manufactured by two American companies.!

One of the companies uses the brine obtained from Searles Lake,
which is a deposit of various salts with brine filling in the spaces
between the crystals. The brine is pumped to the plant and con-
centrated to obtain deposits of the various chemicals. Potassium
chloride is the first salt obtained. Since the mother liquor from it
is nearly saturated with borax, cooling of the solution in a vacuum
crystallizer yields crude borax. The crude borax, when recrystal-
lized, constitutes commercial borax.

The other company has been working mainly with borax minerals.
Until recently, this firm used colemanite (Ca.B30,,.5H,0) as its
raw material. This mineral occurs in immense deposits in California
(Death Valley). According to a U. S. patent by Bayley,* the mineral
is mixed with sodium sulfate and heated to redness (8), but not to
fusion, in a rotary furnace. After the mass has cooled, the borax
is dissolved in water and allowed to crystallize.

(8) 2Ca;BeOn + 3Na,S04 — 3CaS0s + CaO + 3Na,B.0;
The mineral borocalcite, Cal307.411,0, is also converted into horax
by this method (9).

(9) C3B4074I{2() + NIIQSO,; - N219B407 + CﬂS(_).i + 4Hg()

The action of sodium carbonate upon colemanite forms borax,
sodium hydroxide, and calcium carbonate (10).

(10) 2(J32B6011 + 4NE12CO;; + IIQO e 3N&l2l§407 + QNROI] +
4CaC03

Recently, however, a large deposit of rasorite (Na,B.0,.4H,0)
has been discovered in California and has replaced colemanite as
the raw material. The rasorite is dissolved in water by heat and
pressure, filtered, and a pure borax (11) is crystallized out.

(11) Na,B,0;.411,0 + 611,0 — Nua,B,40;. 10,0

! Badger and Baker: Inorganic Chemical Technology, 2nd ed., p. 213, McGraw-

Hill Book Co.
2 Chas. G. Yale, Chem. Zeit. 43, 29 (1905).
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Pharmaceutical Preparations and Uses.—1. Sodium Borate (Sodii
Boras, Borax, Sodium Tetraborate, Sodium Biborate, Sodium Pyro-
borate), U. S. P. XIII.—Sodium Borate “contains not less than
52.3 per cent and not more than 54.9 per cent of Na,B,O; corre-
sponding to not less than 99 per cent of Na,B,0O;-10H,0.”
This salt is not used ¢nternally to any extent because it has been
shown to be of no value in the treatment of such diseases as cystitis
or (with bromides) epilepsy. Although borax is a fair antiseptic,
its use in food products as a preservative has been prohibited by
the Food and Drug Administration on the grounds that it is too
toxic for internal use.

Sodium borate is used exfernally, however, for (1) eye-washes in
1 to 2 per cent concentrations and (2) as wet dressings for wounds.
It is claimed that its action is more bacteriostatic than bactericidal.

Borax is used for “softening”” water. It is employed in making
hard glass, glazes and enamels. Because it forms fusible salts with
oxides of many metals, the calcined salt is used extensively as a
flux in welding and soldering.

2. Rose Water Ointment (Unguentum Aque Roswe), U. S. P.
XIII.—In addition to other ingredients this ointment contains
0.5 per cent of sodium borate. The solution of borax is alkaline
and hence saponifies a part of the expressed oil of almonds also
present, making a whiter finished preparation. It is used as a
“skin food”” and cold cream, and on occasion as a base for medicated
ointments.

3. Allkaline Aromatic Solution (Liquor Aromaticus Alkalinus),
N. I. VIII.--Twenty Gm. of sodium borate are used in the prepara-
tion of 1000 ce. of the finished preparation, together with 100 ce. of
glycerin and 20 Gm. of potassium bicarbonate. Because the
sodium borate forms boric acid when dissolved in water (2), and
because borie acid reacts with glveerin to form a monobasic acid
(see Boric Acid, p. 100) the reactions which take place in manu-
facturing this preparation can probably be expressed by the fol-
lowing equations (12, 13):

CHOH CILOH <|:mou“-
. ’
(12) 2CHOH + HO B — |CH - O /och:H H* + 310
/ B |
cH.on MO CHe— 0/ NO—CH: |
"CH,0H CH.0H |~ CH.OH CH.0H1-

1 ! |
. — Y - + ‘ ‘H - —- +
(13) | CH -0 /O CH H* + KHCO; — (‘/H ()\ /O ClI K

B | B
LCH!'*/O/ \() CH. LCH: O/ \0 CH:

- H:0 + CO: T

This preparation closely resembles the proprietary preparation
“glycothymoline.,” It is used as a nasal douche or as a gargle.
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For oral use—undiluted; or, for use in a dental spray bottle, dilute
with 5 volumes of water. . )

4. Compound Sodium Borate Solution (Liquor. Sodii Bprahs Cqm-
positus, Dobell’s Solution), N. F. VIII.—This solution requires
15 Gm. each of sodium borate and sodium bicarbonate together
with 3 ce. of liquefied phenol and 35 cc. of glycerin to make 1000 cc.
of the preparation, the solution being made up to volume with dis-
tilled water. The reactions which take place here are probably
the same as those taking place above (in Aromatic Alkalu.le Solu-
tion) with the exception that sodium bicarbonate is used in plqce
of potassium bicarbonate. This solution is used as an alkaline
antiseptic although the concentrations of active ingredients are
hardly sufficient to make them effective. Because of its non-
irritating properties it is particularly valuable for use on mucous
membranes. 'T'he mixed ingredients can be purchased in tablet
form. These are convenient in preparing small quantities of the
solution. For use on mucous membranes—undiluted; or, for the
dental spray bottle, diluted with 5 volumes of water.

SODIUM BROMIDE .
Sodwum Bromade, U. S. P. XIIL

Formula, NaBr. Molecular Weight, 102.91

Physical Properties.— Sodium Bromide occurs in colorless or white
cubical erystals, or as a white, granular powder. It is odorless and
has a saline, slightly bitter taste. Sodium bromide slowly takes up
moisture from the air without deliquescing. At temperatures below
30° C. the salt crystallizes with 2 molecules of water of hydration
in the monoclinic system. At temperatures above 30° C., it forms
anhydrous crystals belonging to the regular system. These facts
probably account for its property of absorbing moisture from the
air without deliquescing. Its specific gravily is about 3.014.

One Gm. of Sodium Bromide dissolves in 1.1 cc. of water and in
16 cc. of alcohol, at 25° C.  One Gm. is soluble in 0.8 cc. of boiling
water and in 11 ce. of boiling alcohol.

The salt melts at 768° C., and at higher temperatures is slowly
volatilized with partial decomposition.

Chemical Properties.-—Inasmuch as the chemistry of the sodium
ion has been discussed (g. v.), it only remains to consider the
chemistry of the bromide ion to clarify the chemistry of sodium
bromide.

The bromide ion, in general, is easily oxidized by molecular
chlorine (Cly) to free bromine (Br.). This follows the general rule
that halogens will displace other halogens of greater atomic weight
from their binary salts (1). Other substances such as potassium
permanganate, nitric acid and concentrated sulfuric acid will also
oxidize bromides and liberate bromine.

(1) 2NaBr + Cl, — 2NaCl + Br.]
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"The bromide ion may be precipitated as an insoluble bromide by
soluble salts of Ag, Hg(ous), Cu(ous) and Pb(ic). For example,
sodium bromide solution will yield a precipitate of silver bromide
with silver nitrate (2).

(2) NaBr + AgNOQO; -> AgBr | 4 NaNO,

Sodium bromide is the salt of a strong acid and a strong base
and, therefore, when in solution it is not appreciably hydrolyzed.
"This accounts for the fact that it is neutral or only slightly alkaline
when in solution. The slight alkalinity may be accounted for by the
fact that hydrobromic acid is weaker as an acid than sodium
hydroxide is as a base. This slight alkalinity is sometimes held to
be the cause of precipitation of alkaloids from concentrated solu-
tions of sodium bromide.

Official Tests for Identity.— 1. The salt responds to all of the tests
for Sodium ion (q. v.).

2. It also responds to all of the tests for Bromide ion.

A. The addition of chlorine T.S., dropwise, liberates bromine
from aqueous solutions of sodium bromide (1). By shaking the
aqueous solution containing the liberated bromine with a small
amount of chloroform the bromine may be dissolved from the water
and will show up in the chloroform as a red to reddish-brown color.

B. Solutions of sodium bromide will precipitate AgBr (2) with
a silver nitrate 1.S., the precipitate being insoluble in nitric acid,
but slightly soluble in ammonia T'.S.

Commercial Manufacture.--Most of the sodium bromide made
commercially is prepared by adding a slight excess of bromine to a
solution of sodium hydroxide to form a mixture of bromide and
bromate (3).

(8) 6NaOH + 3Br, — 5NaBr + NaBrO; + 3H.0

The reaction mixture is evaporated to dryness and the solid residue
is reduced with carbon to convert the sodium bromate to sodium
bromide (4).

(4) NaBrO; + 3C — NaBr + 3CO]

As will become increasingly apparent, this general method is used
to advantage in the preparation of other bromides from bromine,
and of iodides from iodine.

Searle’s Lake brine is said to be a potential commercial source
of sodium bromide, although the principal production scheme is
built around the recovery of potassium chloride and borax.!

Pharmaceutical Preparations and Uses.— 1. Sodium Bromide (Sodii
Bromidum), U. S. P. XIII.—Sodium Bromide, when dried at 110° C.
for six hours, contains not less than 99 per cent of NaBr. Sodium
bromide is used solely for the effect of the bromide ion, namely as
a sedative (see p. 91). It has been recommended by some that

! Robertson, G. Ross. Expansion of the Trona Enterprise, J. Ind. and Eng. Chem.,
34, 133 (1942)
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sodium bromide be substituted for all other bromid?s inasmuch as
it provides the action of the bromide ion in a.relatlvely non-toxic
form. Whether this suggestion is worthwhile is debatable. Aver-
age dose—1 Gm. (approximately 15 grains). . X

9. Five Bromides Elizir (Elixic Bromidorum Quinque), N. .
VIII.—This elixir contains 8.7 per cent of sodium bmmi.de'togcthcr
with varying concentrations of potassium, calcium, lithium and
ammonium bromides as the active sedative components. Average
dose—4 cc. (approximately 1 fluidrachm).

3. Bromides Syrup (Syrupus Bromidorum), N. F. VIIL.—Bro-
mides Syrup contains 8 per cent of sodium bromide together with
the‘syinne bromides as found above in Five Bromides Elixir but in
slightly different amounts. Average dose—4 cc. (approximately
1 fluidrachm).

4. Three Bromides Elixir (Elixiv Bromidorum Trium), N. I
VII1.—This elixir contains 8 per cent each of sodium, potassium
and ammonium bromides. Average dose—4 cc. (approximately
1 fluidrachm).

5. Three Bromides Tablets (Tabelle Bromidorum Trium, Triple
Bromides Tablets), N. I'. VIII.—These tablets * (consisting of am-
monium bromide, potassium bromide, and sodium bromide in equal
proportions) show a content of bromine not less than 70 per cent
and not more than 81 per cent of the labeled amount of total
bromides, including all tolerances. The tablets show a content
of ammonium bromide not less than 30.8 per cent and not more than
35.8 per cent of the labeled amount of total bromides.” Average
dose—0.3 Gm. (approximately 5 grains) each of Ammonium Bro-
mide, Potassium Bromide, and Sodium Bromide.

6. Sodium Bromide Elixir (Elixir Sodii Bromidi), N. F. VIII.—
This elixir *“contains, in each 100 cc., not less than 16.5 Gm. and
not more than 18.5 Gm. of NaBr.” Average dose—4 cc. (approxi-
mately 1 fluidrachm).

7. Sodium Bromide Tablets (Tabelle Sodii Bromidi), N. ¥. VIII.
—'These tablets “contain not less than 92.5 per cent and not more
than 107.5 per cent of the labeled amount of NaBr.”  Average dose
—1 Gm. (approximately 15 grains) of Sodium Bromide.

SODIUM CACODYLATE. (Sce p. 527.)
SODIUM CARBONATE

Monohydrated Sodium Carbonate, U. S. P. XIII

Formula, Na,CO3.H,0. Molecular Weight, 124.02

Physical Properties. — Monohydrated Sodium Carbonate is a white,
orthorhombic, crystalline or granular powder. It is odorless and
has a strong alkaline taste. The salt absorbs a small amount of
moisture from the air, but in warm, dry air at 50° C. or above it
effloresces, becoming anhydrous at 100° C. Anhydrous sodium
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carbonate melts at 853° C., at which temperature it loses a small
quantity of carbon dioxide. It is decomposed at very high tem-
peratures.

One Gm. of Monohydrated Sodium Carbonate dissolves in 3 cc.
of water and in 7 cc. of glycerin, at 25° C. One Gm. is soluble in
1.8 cc. of boiling water. It is insoluble in alcohol.

Chemical Properties.—The chemistry of sodium carbonate may be
considered advantageously in three major divisions, namely, (a)
hydrolysis reactions, (b) hydration and (¢) other reactions.

(a) Sodium carbonate, when dissolved in water imparts a highly
alkaline reaction to the water as evidenced by the fact that the
pH of a molar solution is 11.6. This is due to the hydrolysis
which takes place in aqueous solutions of it.  The hydrolysis is due
to the fact that the carbonate ion is a fairly strong base (see Lowry-
Brorsted Concept of Acids and Bases, p. 34) (1).

(1) €O~ 4 HOH = HCO,~ 4+ OH-

A further hydrolysis takes place (2) to a lesser extent wherein
another mole of O~ is formed.

(2) ]I(‘();;“ ‘I" IlOII = ][2(7'0:4 + Oll-

The accumulation of OII= accounts for the alkalinity exhibited by
the solution.

(b) Sodium carbonate is interesting from the standpoint that it
forms at least 3 well-characterized hydrates besides the anhydrous
salt. These are:

1. Monohydrate = Na,('O,.110
2. Heptahydrate = Na,('O;.7H.0
3. Dekahydrate = Na,('0y. 10110

Figure 12 shows graphically the forms which are in equilibrium
with the saturated solution at different temperatures.

At temperatures above 35° C. a saturated solution will deposit
only the monohydrated form. If the hot saturated solution is
allowed to cool in an atmosphere free of dust it is often possible
to obtain the heptahydrate crystals. However, if the solution
cools below 33° C. the dekahydrate forms because the heptahy-
drate is more soluble than the dekahydrate. It is interesting to
note that the maximum solubility of sodium carbonate is at ap-
proximately 35°C.

Commercial anhydrous sodium carbonate is known as soda ash,
whereas the dekahydrate is commonly known as sal soda, washing
soda, or soda crystals. 'The dekahydrate is prone to ¢ffloresce under
conditions of storage. Fflorescence is the term used to denote the
loss of water of crystallization from a compound at room tem-
perature. It is explained on the basis that every salt containing
water of crystallization has a certain vapor pressure. If the vapor
pressure exerted by the water of crystallization is greater than
that exerted by the moisture in the air then the compound will
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lose water to the air until equilibrium has been established or until
all available water is gone.
(¢) Sodium carbonate enters into many reactions such as neu-
tralization, double decomposition, precipitation and saponification.
Sodium carbonate, in solution or in the solid form, is capable of
neutralizing acids with the formation of a salt, CO, and HyO (3).

(HA = any acid)

Cold solutions of sodium carbonate, when trcated with carbon
dioxide will form the bicarbonate (3a), which may be regarded
as essentially a half neutralization of sodium carbonate with car-
bonic acid (formed by interaction of CO, + 11O & H.COy).

(3a) Na,CO; + CO. + 11O = 2NalICO;
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Sodium carbonate is used in qualitative analysi i
Sc : S ysis because of its
ability to decompose difficultly soluble precipitates such as BaS(l).,5
PbSO,, CaSO, and. SrSQ;. For example, barium sulfate is decom..
posed (although with difficulty) by boiling or fusing it with sodium
carbonate (4). )

(4) BHSO4 + NMCOs = BaCO.l + NilgSO4
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Although BaSO, is difficult to decompose, the other sulfates men-
tioned are almost completely decomposed by this treatment.

Since the only normal carbonates which are freely soluble are
those of the alkali metals and ammonium, it is possible to use
sodium carbonate, for example, as a reagent to precipitate the
insoluble carbonates of the other metals. Thus, we find that silver
nitrate, and also barium chloride, form insoluble carbonates with
an aqueous solution of sodium carbonate. Although this might
seem to be the case with mercuric chloride, this does not oceur,
inasmuch as mercuric chloride T.S. when added to an aqueous solu-
tion of the salt immediately precipitates a reddish-brown precipitate
of a basic salt (5).

(65) 31gCl + 2Na.('0; — 4NaCl + 20,1 + HgCLI1g0).|

Because sodium carbonate is alkaline in solution it is used to
some extent as a saponifying agent for fats and oils both in pharma-
ceutical practice and elsewhere. IFor example, a fat such as stearin,
which is a glyceryl ester of a fatty acid, will be hydrolyzed or
saponified by sodium carbonate (see also Sodium Hydroxide, p. 189)
to yield glycerin and a soap (a metallic salt of a fatty acid; in this
case the sodium salt). This saponifying action of sodium carbonate
has lead to the use of its preparations as detergents for removing
grease in many industrial operations.  Often, however, the alkalin-
ity imparted by the sodium carbonate is too high. In these cases,
it is possible to purchase various admixtures of the sodium
carbonate with sodium bicarbonate which are less alkaline. One
common preparation of this type is sodium sesquicarbonate,
Na2C03 . NaHCO.; . 2Hg()

Official Tests for Identity.—1. A solution of Monohydrated Sodium
Carbonate (1 in 10) is strongly alkaline to litmus paper and to
phenolphthalein T'.S. for the reasons cited under *“Chemical Proper-
ties.”” This distinguishes it from sodium bicarbonate which either
does not color phenolphthalein or does so only slightly.

2. The salt responds to all of the tests for Sodium (q. v.).

3. The salt responds to all of the tests for Carbonate ion: Sodium
carbonate effervesces with acids (3) to liberate CO, which will cause
a precipitate of calcium carbonate if passed through lime water (6).

(6) Ca(OH); 4+ CO, — CaCO; | + IL.O

Commercial Manufacture.—Sodium carl.onate is or has been ob-
tained by (1) the LeBlanc Process, (2) the Cryolite-Soda Process,
(3) the Solvay Process, and (4) recovery from natural brine.

1. LeBlanc, in 1790, devised a method for converting salt into
sodium carbonate. Up to this time the world supply of alkali
was from natural sources or from wood ashes. Although this
method was never introduced into the United States it attained
great popularity in Europe and during the nineteenth century was
responsible for practically the world’s supply of alkali. The follow-
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ing general reactions are thought to occur in the furnace (commonly

known as a “black-ash” furnace) (7, 8).

(7) Na,SO; + 2C — Na,S 4 2CO; 1
(8) Nags + (‘/a('(),; -—> N&l«z(:Os + (‘r%ls

Salt cake, obtained in the manufacture of hydrochloric a(‘lf,! (see
p. 110), limestone crushed to about the size of. Y pea (:0:11, a'nd
finely crushed coal constitute the raw materials. At’t?r being
heated in the furnace, the product, known as ““black ash,”’ is cooled
and lixiviated in a series of tanks arranged so as to permit of con-
tinuous extraction. When concentrated, the solution deposits sal
soda crystals (sometimes known as *“black salt).” These are then
caleined to rid them of water, organic matter, ete., and then ground
in mills.

This process is obsolete because it has been superseded by the
Solvay process which is more economical and produces a much
purer product.

2. Cryolite-soda Process.—Soda may be obtained from a mineral
known as ecryolite, a double fluoride of sodium and aluminum
(AllF3.3Nal"), which occurs in large quantities in Denmark and in
the southern part of Greenland. In the carly part of the nineteenth
century, Julius Thomsen, a Dane, first considered this mineral as a
possible source of sodium carbonate. In 1854 he obtained the
exclusive right to mine the cryolite and work it up into soda. He
later sold his rights to an American company.

To obtain sodium carbonate the finely powdered mineral is mixed
with limestone and calcined at red heat in a reverberatory furnace
(9). The mass is never allowed to fuse on account of the difficulty
encountered in the subsequent lixiviation of such a mass. After
lixiviation, the solution is carbonated with carefully washed lime-
kiln gases (10). During the carbonation the solution is kept hot,
thereby assuring a granular precipitate of aluminum hydroxide,
from which it is comparatively easy to wash out the soda. Solutions
at ordinary temperature yield a gelatinous precipitate of aluminum
hydroxide which is practically impossible to handle. The solution of
sodium carbonate is evaporated and the salt allowed to crystallize.

(9) All.3Nal 4 3CaCO; — NayAlO; (soluble) + 3Cak, +
3CO, 1
(10) 2Na;AlO; + 3CO, 4 3H,0 — 3Na,CO; + 2A1(0H); |

This process is likewise obsolete having heen replaced by the Solvay
Process.

3. Solvay Ammonia-soda Process.—In 1838, H. G. Dyar and
J. Hemming took out an English patent for making sodium car-
bonate by means of a reaction well known at that time (11 and 12).

(11) NaCl + NH,HCO; — NaHCO; + NH,CI
(12) 2NaHCO; + heat — Na,CO, + CO, T +H,0
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In 1863, Lrnest Solvay, a Belgian, began to develop a commercial
method for making sodium carbonate from sodium chloride, ammo-
nia, and carbon dioxide. Although unfamiliar with most of the
previous work that had been done upon it, he overcame the mechani-
cal difficulties and made it a commercial success in 1873. Since that
time it has been growing in importance until at present most of the
world’s supply of soda is made by the Solvay process.

In bricf, the process consists in passing carbon dioxide, which
has been prepared either by burning limestone using coke or by
caleining sodium bicarbonate (13) (16), into ammonium hydroxide
to form ammonium bicarbonate (14). When the latter is mixed with
a solution of scdium chloride, sodium bicarbonate is precipitated and
ammonium chloride remains in solution (15). The sodium bicarbo-
nate is collected and then caleined and the evolved carbon dioxide
is cooled and used over again (16). The ammonium chloride is
treated with milk of lime (17) and the evolved ammonia is led back
into the system (18). The solution of calcium chloride so formed
is usually run to waste or evaporated for commercial uses.

(13) CaCO; — CaO + CO,

(14) NH.,OH + CO. = NH,HCO;

(15) NaCl 4+ NILIICO; & NaHCO; | + NH,(CI
(]ﬁ) 2NEIII(‘():{ pra=d II),O + (‘03 + NitQCO;;

(17) Ca0 + ILO = Ca(Oll),

(18) Ca(OH), + 2NTLCl 2 CaCly + 2NTI, + 2110

In the actual process, the number of required steps is less than
the foregoing cquations would indicate, because the sodium chloride
solution (brine) is first saturated with ammonia and then carbon
dioxide passed through the mixture (14) and (15). At a lowered
temperature sodium bicarbonate separates out. It will be noted
that the reaction (15) between the sodium chloride and ammonium
bicarbonate is a reversible one. Therefore, the reaction can never
go to completion, although it can be driven in the desired direction
by having an excess of sodium chloride present.

Although the reactions involved in the Solvay Process are usually
represented as above, there is some disagreement' as to the exact
mechanism whereby the end-product is reached. In brief, it is
pointed out that the supposition of ammonium bicarbonate as an
intermediate is irrational because (1) ammonium bicarbonate is
just as sparingly soluble as sodium bicarbonate in the mother
liquors and would itself be precipitated, and (2) such a reaction
would be endothermal, whereas the actual reaction is exothermal.
The suggested mechanism is as follows (19, 20, 21):

(21) Na,CO; + CO, + H.0 & 2NaHCO; |

1 See Mellor's Modern Inorganic Chemistry, revised edition by Parkes and Mellor,
Longmans, Green & Co., p. 558, 1939.
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Pharmaceutical Preparations and Uses.—1. Monohydrated Sodiwm
Carbonate (Sodii Carbonas Monohydratus), U.S.P. XIII.—Mono-
hydrated Sodium Carbonate, when dried at 110° C. to constant
weight, contains not less than 99.5 per cent of Na,CO;.  This is
the only sodium carbonate which is official, although t'he anllgfdl:otls
form is required as a buffer in Sterile Thiopental Sodmm.’ 'bodlum
carbonate may be given internally for the same conditions for
which sodium bicarbonate is employed. Ilowever, it is seldom used
because of its marked alkalinity and irritating properties. Solutions
of sodium carbonate are employed as lotions in certain skin diseases,
such as scaly eruptions, psoriasis, etc. They tend to dissolve skin
oils and also the horny matter on the skin surface thus softening
the skin.

This salt is used more for its alkalinity in making various pharma-
ceutical preparations than it is in therapy.

2. Stertle Thiopental Sodium (Thiopentalum Sodicum Sterile,
Sterile Thiopentone Soluble), U. S. P. XIII.—*Sterile Thiopental
Sodium is a mixture of thiopental sodium with anhydrous sodium
carbonate as a buffer. It contains not less than 84 per cent and
not more than 87 per cent of thiopental (Cy,H;sN.O.S), calculated
on a moisture-frec basis, corresponding to not less than 91.7 per
cent of Cull;sN.O.,SNa.” Since anhydrous sodiumn carbonate is
not official except as a reagent, this preparation is considered here.
It is used for its hypnotic effect and is usually administered intra-
venously. During World War 11 this drug was a favorite anesthetic
in the warm countries where the gaseous anesthetics were difficult
to administer. It was frequently referred to as the “needle anes-
thetic.” Average dose—for anesthesia—to be determined by the
physician according to the needs of the patient.

3. Ferrous Carbonate Mass (Massa Ferri Carbonatis, Vallet's
Mass), N. I. VIII.—“Ferrous Carbonate Mass contains not less
than 36 per cent and not more than 41 per cent of FeCQ,." The
N. F. requires 460 Gm. of Monohydrated Sodium Carbonate to be
reacted with 1000 Gm. of Ferrous Sulfate to prepare 1000 Gn. of
the finished product. The function of the sodium carbonate is, of
course, to furnish the carbonate ion for the synthesis of ferrous
carbonate. (For a further discussion see Ferrous Carbonate, p. 682.)
Average dose—0.6 Gm. (approximately 10 grains).

4. Nitromersol Solution (Liquor Nitromersolis), N. F. VIII.—
The preparation of 1000 cc. of this solution requires the use of
4.25 Gm. of Monohydrated Sodium Carbonate together with
0.4 Gm. of sodium hydroxide. These two alkalies are used to dis-
solve the water-insoluble Nitromersol by opening its anhydride ring
and forming the sodium salt which is water-soluble. The N. I
cautions: “Dilutions of Nitromersol Solution should be prepared as
needed as they tend to precipitate upon standing.” This preparation
is an efficient antiseptic.

5. Solud Soqg L’iniment_(Linimentum Saponis Spissum, Campho-
rated Soap Liniment, Solid Opodeldoc), N. F. VIII.—Ten Gm. of
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Monohydrated Sodium Carbonate are required together with other
ingredients to prepare 1000 cc. of the finished product. The

sodium carbonate reacts with the stearic acid present to form the
sodium stearate (22) soap.

(22) 2HC13113{,02 + NHQCO.’; hd 2N3,C15}I:;502 + ILO + CO?T

(Stearic acid is a mixture of stearic and palmitic acids, but the
above will suffice to explain the reaction.) This preparation is

used externally as a liniment, since it has rubefacient and irritant
properties.

SODIUM CHLORIDE
Sodiwm Chloride, U. S. P. XIII

Formula, NaCl.  Molecular Weight, 58.45

Physical Properties.— Sodium Chloride occurs in the form of
colorless, transparent, cubical crystals, or as a white crystalline
powder. When crystallized from dilute solutions it forms hollow
quadratic pyramids. When saturated solutions of sodium chloride
are cooled to —10° C., large monoclinic tablets of NaCl.2H,O sepa-
rate out. At 0° C. these tablets lose water and are converted into
cubes. The salt is odorless, has a saline taste, and a specific gravity
of 2.163.  Usually it is slightly hygroscopic, due to the presence of
small amounts of magnesium or calcium chloride.

Sodium chloride is only slightly more soluble in boiling water
than it is in cold water, 1 Gm. dissolving in 2.8 cc. of water at
25° C. and in 2.7 ce. of boiling water. One Gm. is soluble in 10 cc.
of glycerin, at 25° C. Tt is slightly soluble in alcohol and insoluble
in hydrochloric acid.

When heated somewhat above 100° C., the salt decrepitates
because of the evaporation of the interstitial water enclosed by the
small crystals. It fuses at about 804° C., boils at 1413° C., and
at white heat slowly volatilizes with partial decomposition.

Chemical Properties.—Most of the chemical properties of sodium
chloride, which are of importance pharmaceutically, may be attrib-
uted to the chloride ion.

Chlorides of almost all of the metals are water-soluble with the
notable exception of AgC'l, HgCl and PbCL. Therefore, solutions
of sodium chloride will produce precipitates with soluble silver,
mercurous, and lead salts (1).

(1) NaCl 4 AgNO; — AgCl] + NaNO;

Sodium chloride reacts readily with fixed acids such as sulfuric
(2) and phosphoric acids to liberate hydrogen chloride. This, of
course, is the basis for the preparation of hydrochloric acid from salt
(see p. 110).

(2) 2NaCl + I1,SO; — 2HCI 4 Na.SO,
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Sodium chloride is rather easily oxidized to liberate free chlorine,
the oxidation being carried out either chemically or qlectrolytwally.

The chemical oxidation of sodium chloride may be illustrated .by
the addition of concentrated sulfuric acid and MnO, to the chloride
(3) to liberate free chlorine.

(3) 2NaCl 4+ MnO, + 211,SO; — MnSO; + Na:S0.: + 2H.0
+ CL7

"The electrolytic oxidation of sodium chloride may be carried out
on the anhydrous fused salt (scc Manufacture of Sodium, p. 147),
or it may be carried out on an aqueous solution of sodium chloride
(see Manufacture of Chlorine, p. 85). _ )

Official Tests for Identity.—1. A solution of sodium chloride
gives all of the tests for Sodium ion (q. v.).

2. Sodium chloride solutions also respond to all of the tests for
Chloride ion. ,

(a) They yield a precipitate of AgCl with silver nitrate T.S. (1).
This precipitate is insoluble in an excess of nitric acid, but is soluble
in an excess of ammoniui hydroxide (see p. 110).

(b) When warmed with potassium permanganate and diluted
sulfurie acid, solutions of sodium chloride will evolve the character-
istic odor of chlorine (4).

Commercial Manufacture.!—Sodium chloride is found in all
parts of the world either in the form of natural deposits, such
as those of Stassfurt, Reichenhall, Cheshire, New York, Kansas,
Colorado, Louisiana, Utah, California, Michigan and many other
districts; or in solution in sea, lake, spring, or natural or made wells.
It is an absolute necessity to man and beast; aiding in the absorption
of albuminoid materials and, by dissociation, no doubt supplyving the
chloride ion for the hydrochloric acid of the gastric juice.

In Germany, Louisiana, and elsewhere, it is mined as rock salt.
Shafts are sunk to the bed and long galleries, often a mile in length,
are run out. The salt is undercut and blasted down with low-power
dynamite. It is then crushed in roller mills and screened to obtain
the various sizes. In one Colorado deposit the salt occurs in the
form of a crust over an underground lake of brine. This is worked
by removing the earth, cutting the crusted salt like ice, washing it
in the brine, and then crushing, as previously described, in mills.

In other deposits, e. g., those of New York, Ohio, Michigan, etc.,
the salt is found either mixed with clay or organic matter, or the
locations of the beds are such as to make mining very impractical,
In such places, wells are sunk, the salt dissolved in water, and the
resulting brine pumpcd to the surface.

! Badger and Baker: Inorganic Chemical Technology, 2nd ed., McGraw-Hill
Book Co., p. 6, 1941.
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In California and in the hot countries around the Mediterranean
basin, salt is obtained from sea-water (containing about 3 per cent
sodium chloride) by concentrating it in very large, shallow ponds
connected in series. The heat from the sun is sufficient to effect
the evaporation of the water. At high tide the sea-water is allowed
to flow into the first basin where the less soluble material and sus-
pended matter (calcium carbonate, clay, gypsum, organic substances
etc.) precipitate out. It then goes to the so-called crystallizing
ponds, where it is evaporated to about 25° Baumé. Here the crys-
tallized salt separates out. In the succeeding pans, the more soluble
salts, e. g., magnesium sulfate, magnesinm chloride, sodium sulfate,
potassium chloride, and varying quantities of potassium iodide and
bromide (bittern) are obtained.

In northern Russia, Norway, and other cold countries the sea-
water Is concentrated by freezing the water in basins and pumping
out the residual liquid part which contains all of the salt.

All sodium chloride that has been obtained from its natural
source in the form of brine must be purified. The methods in use are
many, and depend largely upon the character of the impurities
present in a particular brine. Calcium and magnesium salts are
the usual impurities and may be removed by treating the brine with
either soda ash and lime or soda ash and caustic soda, and allowing
the precipitate to settle.

The purified brine is concentrated in long, narrow, shallow pans
fitted with steam pipes extending the entire lengths of the pans and
supported some distance above the bottomn of the pans. These
pans are called * grainers” and are from 50 to 100 feet long and
from 10 to 25 feet wide. As the salt crystals form on the pan bot-
tom, they are raked out automatically onto a sloping drain board
on one end of the pan. Triple-effect vacuum pans are also used
for concentrating and crystallizing the salt. Iree acid, formed
by the hydrolysis of the magnesium salts, seriously corrodes the
pipes in the vacuum concentrators and scale forms on the steam
pipes if the salt has not been sufficiently purified.

The purest form of salt is now obtained by passing hydrogen
chloride into a saturated solution of salt, and mechanically “ fishing
out’’ the crystals as they form. The crystals so obtained arc centri-
fuged and dried. When highly soluble hydrogen chloride is passed
into a saturated solution of sodium chloride it forms a concentrated
solution of hydrochloric acid in which the sodium chloride is only
slightly soluble. The slight solubility of sodium chloride in solu-
tions saturated with hydrogen chloride is accounted for by the fact
that hydrogen chloride, when dissolved in water, forms hydrates
which, of course, reduce the amount of water available for dissolv-
ing sodium chloride. It is comparable to having removed an equiv-
alent number of water molecules from the solution by evapora-
tion, ete,
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Laboratory Preparation of Pure Sodium Chloride.‘—[.)nssolye 25 Gm.
of rock salt in 75 cc. of water, hastening the action with gentle
heating. To the solution add about 1 Gm. of sodium carbonate
dissolved in a few cc. of water. Stir, let settle, and add a few
drops more of sodium carbonate solution, and if no fresh precipitate
is produced in the clear part of the solution no more need be ad‘(.led;
otherwise enough more must be added to produce this result. Filter
the hot solution, through an ordinary filter. Prepare pure hydrogen
chloride by placing 50 Gm. of rock salt in the generator flask and

Hydrogen
Chloride
Gencrator

500 ce.
Woulff
Bottle

F1c. 13.—Apparatus for Preparing Pure Sodium Chloride. (Reprinted by permis-
sion from Synthetic Inorganic Chemistry, by Blanchard, Phelan and Davis, published
by John Wiley & Sons, Inc.)

treating it with 95 cc. of concentrated sulfuric acid. The gas is
purified by bubbling it through a washing bottle cogtaining about
110 cc. of concentrated hydrochloric acid, and then it is passed
through the wide-mouthed funnel into the sodium chloride solution
in a 600-cc. beaker. When hydrogen chloride ceases to be evolved
by the generator, collect the precipitated sodium chloride on a
suction filter. Test the filtrate for sulfate by adding a little barium
chloride T.S. to a small sample of it diluted with water. A positive
test will probably be obtained. Now wash the crystals with suc-
cessive portions of 10 cc. of 18 per cent hydrochloric acid, until
the washings show no further test for sulfates. Then transfer the
crystals to a porcelain dish and heat gently, while stirring, until
all decrepitation ceases. Bottle the product.

! Blanchard, Phelan and Davis: Synthetic Inorganic Chemistry, John Wiley &
Sons, p. 189, 1936.
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Pharmaceutical Preparations and Uses.—1. Sodium Chloride (Sodii
Chloridum), U. S, P. XIIL.—Sodium Chloride, when dried at
110° C. for two hours, contains not less than 99.5 per cent of
NaCl. Sodium chloride exerts the effect of the chloride ion (see
p- 86), as well as the effect of the sodium ion (see p. 147). It
occurs in all of the fluids and nearly all of the tissues of the body.
When introduced into the stomach in moderate amounts, it pro-
duces very little effect. Ilowever, a deficiency of sodium and
chloride ions in the body results in the phenomena of ““salt hunger,”
expressed in metabolic disturbances, emaciation, ete.

Sodium chloride, in 20 per cent solution, is used to some extent
for the injection treatment of varicose veins of the lower extremities.
The solution, in amounts up to 5 or 10 cc. is injected into the lumen
of the vein to bring the concentrated solution into intimate contact
with the wall of the vein.

In the last decade or so, numerous articles have appeared in
pharmaceutical and medical journals about the importance of
making eye solutions with the same osmotic pressure as that of the
lachrymal fluid. The lack of interest shown in this subject by both
physicians and pharmacists may be attributed to the fact that the
calculations involved for preparing isotonic solutions have been
rather technical and time-consuming. Iowever, in recent years
the method of calculation has been simplified to the point where it
is only a matter of using simple mathematics with a prepared table
of sodinm chloride equivalents for the various chemicals. During
the last few years this simplified method of calculation has been
given wide publicity in pharmaceutical journals and in published
articles.  (Sce Appendix for Tables).

It is being increasingly recognized by physicians that solutions
coming into close contact with the delicate eye tissue must be
isotonic if irritation, pain, and discomfort are to be avoided. There
is some disagreement on this point as shown by recent work.!

When a pharmacist receives a prescription which reads Fiat Iso-
tonic Collyrium, he should be prepared to compound that prescrip-
tion according to the prescriber’s orders.

The varidd commercial uses of sodium chloride as well as the
large amounts used yearly are illustrated by the fact that 7,157,646
tons were used in 1943 to produce soda ash, 2,656,293 tons for the
manufacture of chlorine, 508,050 tons to make other chemicals,
and 66,000 tons in the synthetic rubber program.

2. Dextrose and Sodium Chloride Injection (Injectio Dextrosi et
Sodii Chloridi), U. S. P. XIII.—* Dextrose and Sodium Chloride
Injection is a sterile solution of dextrose and sodium chloride in
water for injection. It contains not less than 95 per cent and not
more than 105 per cent of the labeled amount of CsH,:0¢. H,O and
of NaCL.” The U. S. P. gives a caution: The sodium chloride content
of this Injection 1s generally of high concentration. Dextrose and

1 Hind and Goyan, J. A. Ph. A, 36, 33 (1947).
12
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Sodium Chloride Injection containing a sodium c'hlo.r/i(ly (‘(_nl('t'nfrufz'(m
corresponding to the sodium chloride content of gsotonte sod um c!zlm:zdtt
solution is to be labeled * Dextrose Injection in Isotonic Sodium
Chloride Solution.” This solution is often used for the intravenous
introduction of chloride ion.

3. Phenolsulfonphthalein. Injection (Injectio Phenolsulfonphtha-
leini), U. S. P. XIII.—This injection “is a sterile solution of ph(.-pol-
sulfonphthalein rendered soluble with sodium bicarbonate or sodiumn
hydroxide in isotonic sodium chloride solution made with water for
injection. It contains not less than 95 per cent and not more
than 105 per cent of the labeled amount of CuI1,0:8.”" The func-
tion of the sodium chloride in this preparation is, of course, to
furnish an injection vehicle which is isotonie with the blood.  Nine
Gm. of sodium chloride are required for 1000 ce. of finished prepara-
tion.  (See also p. 1506.)

1. Ringer's Solution (Liquor Ringeri, Isotonic Solution of Three
Chlorides, U. S. P. XII), U. S. . X1I.—This solution ** contains,
in each 100 cc., not less than 820 mg. and not more than 900 mg.
of NaCl, not less than 25 mg. and not more than 35 mg. of KCI,
and not less than 30 mg. and not more than 36 mg. of CaC'l, 211,0.”
The U. 8. P. notes that ** Unless otherwise specified, No. 3 Sterde
Ringer’s Solution for Parenteral Use must be dispensed.”  The
U, S, P.ospeetties three kinds of Ringer's Solution:

No. 1= Non=sterile Ringer's Solution (prepared from 8.6 G,
NaCl, 0.3 Gm. KCland 0.33 G CaCly. 2110 per 1000 ce.
of solution).

No. 2—=Sterile Ringer's Solution Not for Parenteral Use.

No. 83— Sterile Ringer's Solution for Parenteral Use.

The deleterious effects of single-salt solutions, 4. ¢., Isotonie
Sodwme Chloride Solution, U. S. P. X1, upon excised tissues, were
responsible for the production of so-called *balanced solutions,”
such as Ringer’s Solution.  Sterile Isotonie Sodium Chloride Solu-
tion, when injected into animals, is rapidly adjusted, insofar as
the several ion concentrations are concerned, by exchange with the
various tissues. This, however, does not take place with excised
tissues and, therefore, the ion concentrations of blood plasma
must bf‘ simulated as near as possible in order for the solutions to
maintain the functions of the excised tissues.  Ringer's Solution
is onc of tl}ese balanced solutions in which the caleium ion antago-
nizes the m}libitory effects of the potassium ion as well as the
stimulant effects of the sodium ion.  Bacteriostatic agents are not
permitted in Ringer’s Solution and the pH must fall within the
limits of 5 to 7.5.

5. Lactated Ringer's Solution (Liquor Ringeri Lacticus), U, S. P.
XIII.—This solution “is a sterile solution in water for injection
containing, in anh 100 cc., not less than 18 mg. and not more
than 22 mg. of CaCl,. 2H;0, not less than 27 mg. and not more than
33 mg. of KCI, not less than 570 mg. and not more than 630 mg.
of NaC'l, ard not less than 290 mg. and not more than 330 mg. of
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NaC;H;0s.”  This solution was developed by Alexis F. Hartmann
as a ‘“combined solution”—a combination of sodium lactate and
hypotonic Ringer’s solution. The solution is designed to supply
water, base chloride, base bicarbonate, and antiketogenic effect in
treating dehydration accompanied by moderate acidosis or alkalosis.
Inasmuch as this solution, when given in sufficient amounts brings
about relief of moderate acidosis or alkalosis, it obviates the expen-
sive and time-consuming necessity of chemical analysis of the blood
to determine whether an acidosis or an alkalosis exists. (See p. 201.)

6. Isotonic Sodvwum Chloride Solution (Liquor Sodii Chloridi Iso-
tonicus, Physiological Sodium Chloride Solution, Physiological Salt
Solution, Normal Saline Solution), U. S. P. XIII.—* Isotonic
Sodium Chloride Solution contains, in each 100 cc., not less than
850 mg. and not more than 950 mg. of NaCL.” Just as in Ringer’s
Solution, there are three Isotonic Sodium Chloride Solutions,
namely, (1) No. I —Non-sterile Lsotonic Sodium Chloride Solution, (2)
No. 2—Sterile 1sotonic Sodium Chloride Solution Not for Parenteral
Use, and (3) No. 8—Sterile Isotonic Sodiwm Chloride Solution for
Parenteral Use. 'The No. 3 solution is to be dispensed in the event
that no specification is made.

The title Hypotonic Sodium Chloride Solution applies to solutions
which contain less than 0.85 Gm. of sodium chloride in each 100 cc.
and the title Hypertonie Sodium Chloride Solution applies to solu-
tions which contain more than 0.95 Gm. of sodium chloride in each
100 ce., and such solutions should be so labeled when dispensed, and
the proportion or the weight of sodium chloride in a given volume
must be indicated on the label.

The addition of bacteriostatic agents is not permitted. The Iso-
tonic Sodium Chloride Solution has a pH range from 5 to 7. Iso-
tonic sodium chloride solution may be used intravenously or by
hypodermoclysis to amplify the volume of the blood without caus-
ing serious osmotic changes, inasmuch as it affects the extracellular
fluid only as a diluent. Because of the rapidity with which sodium
chloride, water, etc., escape from the circulation during shock con-
ditions, such colloidal substances as acacia are often added to the
solutions to prevent this rapid loss, and thus maintain blood vol-
ume. It is also often used as an isotonic vehicle for various medic-
aments to be applied to mucous membranes.

7. Anticoagulant Sodium Citrate Solution (Liquor Sodii Citratis
Anticoagulans), U. S. P. XIII.—This is “a solution of sodium citrate
in isotonic sodium chloride solution and contains, in each 100 cc.,
not less than 2.3 Gm. and not more than 2.7 Gm. of Na;(:H;0;.-
2H,0, and not less than 850 mg. and not more than 930 mg. of
NaCL” (See p. 184.)

8. Thyroid (Thyroideum), U. S. P. XIII.--Since the iodine con-
tent of the thyroid gland often varies above the U. S. P. requirement,
certain diluents such as a desiccated thyroid of a lower iodine con-
tent, lactose, sodium chloride, starch, or sucrose are permitted.
Average dose—60 mg. (approximately 1 grain).
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9. Iphedrine Sulfate Solution (Liquor Ephedring Sulfatis), N: F.
VIII.—This solution contains 30 Gm. of ephedrine sulfate, 5 (,m.‘
of chlorobutanol, and 3.6 Gm. of sodium chloride in 1000 ce. Qf
finished solution. The function of the sodium chloride in this
preparation is to bring up the osmotic equivalent of t.he S(?lllthl‘l to
approximately an isotonic strength. The amount of S(.)dlu.n] chl'o-
ride used is slightly more than enough to make the solution 1sotonic,
but when it is diluted with isotonic sodium chloride solution as
recommended, the difference in the isotonicity of the solution from
that of the nasal secretions is practically negligible. For use on
mucous membranes—dilute with an equal volume of isotonic sodium
chloride solution.

10. Pectin Paste (Pasta Pectini), N. F. VIIL.—Sodium chloride
oceurs in this preparation as a constituent of Isotonic Three Chlo-
rides Solution (Ringer’s Solution). DPectin Paste is sometimes
used by itself or with added medicaments for the treatment of
burned or abraded surfaces. The use of an isotonic base results in
less irritation at the site of application.

11. Thin Pectin Paste (Pasta Pectini Tenuis), N. I, VIII.—This
preparation is the same as the preceding with the exception that
the paste is of a thinner consistency.

12. Procaine Hydrochloride Solution (Liquor Procaing ITydrochlo-
ridi), N. I'. VIII.—Sodiumm chloride occurs in this preparation as
a constituent of Isotonic Sodium Chloride Solution, Twenty Gm.
of procaine hydrochloride is dissolved in sufficient isotonic solution
to make 1000 ce. of the finished preparation. The function of the
sodium chloride, of course, is to provide isotonicity for a solution
which is to be used by injection. Non-isotonic solutions induce
pain. Average parenteral dose—1 cc.

13. Sodeum Chloride Tablets (Tabelle Sodii Chloridi), N. F.
VIII.—These tablets “contain not less than 92.5 per cent and not
more than 105 per cent of the labeled amount of NaCl.” These
tablets are available usually in 5-, 7}-, 10- and 15-grain sizes.
They are often used to replace the sodium chloride lost through
excessive perspiration in hot weather. It is said! that the use of
tablets of sodium chloride is inferior to the use of salted water (0.1
to 0.2 per cent) in that the tablets are more apt to cause nausea
and vomiting through gastric irritation. One Gm. of sodium chloride
dissolved in a quart of water makes 0.1 per cent solution which
may be used for this purpose. (See also Sodium Chloride and
Dextrose Tablets immediately following.)

14. Sodium Chloride and Dextrose Tablets (Tabelle Sodii Chloridi
et Dextrosi), N. F. VIII.—These tablets “contain not less than
92.5 per cent and not more than 107.5 per cent of the labeled
amounts of NaCl and of Cell,,05.HyO.” These tablets have been
designed as a means of administering sodium chloride during hot
weather. The sodium chloride, as stated above, replaces the salt

! A. M. A. Council on Pharmacy and Chemistry Reports, p. 7 (1945).
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lost through perspiration, whereas the dextrose is said to supply
a quickly available source of energy. The commercial tablets on
the market usually contain 7 grains of salt and 3 grains of dextrose
per tablet. The recommended dose (of the commercial prepara-
tion) is 5 to 10 tablets daily, to be taken one at a time with a glass
of water. Although the administration of sodium chloride is
rational enough it seems as if the inclusion of dextrose in the tablets
for the purpose of supplying energy has little, if any, merit, inas-
much as 10 such tablets would contain only 30 grains (2 Gm.) of
dextrose. This amount would seem to fall far short of the energy
requirements during hot weather.

SODIUM CITRATE
Sodium Citrate, U.S. . X111

CH.COONa
|
Formula, Na,CgH;07.21L,0; C(OH)COONa.211,0

CH,.COONa
Molecular Weight, 294.12

Physical Properties.— Sodium Citrate occurs in colorless, mono~
clinic erystals or as a white, odorless, crystalline powder, having a
cool, saline taste. The salt slowly efHloresces on exposure to dry air.

One Gm. of the salt dissolves in 1.5 ce. of water at 25° C. and in
0.6 ce. of boiling water. Tt is insoluble in alcohol.

Chemical Properties.— When heated to 100° C., it begins to lose
water and at about 150° C. it becomes anhydrous. At red heat it
carbonizes, emitting inflammable gases having a pungent, acrid
odor, and leaves a black residue of carbon and sodium carbonate (1).

(1) 2N}13(“¢;I’]507.2] Ig() + 903 - :_{NRQCO:{ + g(jOJT + 9}130

It is a salt of a strong base and a relatively weak acid and it
hydrolyzes sufficiently to impart a slight alkalinity to its aqueous
solutions.

Because sodium citrate in solution ionizes to liberate sodium and
citrate ions, the salt may be used as a buffer against acids. The
mechanism whereby this takes place is through the citrate ion,
which will take up hydrogen (or hydronium) ions from highly
ionized acids such as hydrochloric acid, to form relatively non-ionized
citric acid. The following schematic diagram shows the reactions
taking place.

Na;CeH:0; = 3Nat 4 Cll,0;=
+ +
3H,0 + 3HCl = 3Cl- + 3H;0*

T ¥
3Na(f1 I'I:;(‘GII:,()'; + 3[12()



182 SODIUM AND SODIUM COMPOUNDS

In addition to the official salt which is a dihydrated hsognum
citrate (Na;CgH;07.211,0) there is another common _‘V”.I:a)t(i‘
(NazCeH;05),. 11H,0.  This salt also occurs as a well-(‘rystar (1)/(((
compound, 1 Gm. of which is soluble in 1.1 ce. o.f watez at) 25° (',
and 0.4 cc. of water at 100° C. It was official in U. 8. P. VIII,
but was deleted in favor of the more stable dihydrate. )

Official Tests for Identity.—1. A solution of Sodium Citrate (1 in

20) responds to the tests for Sodium (q. v.). .
2. A1in 10 solution also responds to the tests for Citrate. (a) When

an excess of caleium chloride T'.S. is added to a cold, neutral solution
of sodium citrate, no precipitate is produced. However, when the
solution is heated, a white granular precipitate of (:alcmm citrate
settles out (2). The precipitate is insoluble in sodlum. hyd_roxn(‘le
T.S., but dissolves immediately in diluted hydrochloric acid ‘(3)
due to formation of water-soluble citric acid and caleium chloride.

CIL,—COONa
l
(2) 2HO -C—COONa + 3CaCl, —

l
CTI—-COONa
CHy—C00 L00C- CII,
I Ca Ca’
no—C —Coo” 00C— (-0l
|

l !
Clly- COO-— - Ca -—— O0C—CTI, + 6NaCl
Calcium citrate

CIL—COOI

(3) Calcium Citrate + 6HCI — 2HO—C—COOH + 3CaCl,
l
CH.—COOH

(b) If potassium permanganate T.S. is added to a hot solution of
sodium citrate, to which has been added one-tenth of its volume of
mercuric sulfate T'.S. (Denigé’s reagent), a white precipitate is pro-
duced (4, 5). Tartrates do not give this precipitate. The equations
for the reactions thought to take place are given below.

CH,COOH
(4) 2H;Cl1;07 + Ox(KMnO,) — 2C= 0 (acetone-dicar-
“CH,COOH
boxylic acid) 4+ 2C0O, T + 21,0

_CH,COOH
(5) 2C=0 + 5HgSO, + 21,0 —
\CI,COOH

O\ /O—Hg——O\

S Hg. 2[CO(CHLCOO).Hg] + 411,80
07 “0—Hg—0" ‘
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3. When ignited, sodium citrate behaves in the manner charac-
teristic of almost all metallic salts of organic acids, in that it first
chars and burns, and then upon continued heating yields a residue
of sodium carbonate (1) which effervesces with acids, and immparts
the yellow sodium color to a non-luminous flame.

Commercial Manufacture.— Sodium citrate is made by neutralizing
a solution of citric acid with sodium carbonate or bicarbonate (6).
When effervescence has ceased, the solution is evaporated to
crystallization or, more frequently, the salt is granulated in the
usual way.

(6) SNallCO; + TLCJLOLTLO - > Na CILO-2ILO 4+ 3C0.] +

2110

Laboratory Preparation.— Dissolve 10 Gm. of citric acid in 50 ce.
of distilled water contained in an evaporating dish and add small
guantities of sodium bicarbonate to the solution until effervescence
ceases.  Fvaporate on a steam bath and granulate in the usual
way.  (See equation 6.)

Pharmaceutical Preparations and Uses.- 1. Sodium Citrate (Sodii
Citras), U, S PoNHL - Sodium Citrate, when dried at 150° C.
to constant weight, contains not less than 99 per cent of Na,CelL,O7.”
The uses of sodium citrate are considered under the specifie head-
ings as follows:

(@) Orally, sodium citrate is ingested into the body and is oxidized
in the tissues to sodium bicarbonate.  This oxidization is not as
rapid as that taking place with acetates.  Tts therapeutie value,
orally, depends then on this alkalinization, and hence its use to
relieve mild acidosis and also to promote a diuretic effect.  (Sce
also Sodium Acetate, p. 150.) A non-official compound which is
closely related to sodium citrate is disedium citrate which has an
analogous action to and is said to have a more agreeable taste than
the official salt.

(b) Parevierally, sodium citrate is capable of shortening the
coagulation time of the blood, although this scems entirely in
contradiction to its anticoagulant action on blood @ vitro.

(¢) In wvitro, when sodium citrate is added to freshly drawn
blood it prevents the coagulation of blood over a relatively long
period of time. "This action, probably due to the inactivation of
blood caleium as undissociated caleium citrate, is utilized in making
blood transfusions, wherein the blood is drawn into a flask con-
taining a suitable amount of sodium citrate. The drawn blood
may then be kept for some time, or may be used immediately
without danger of clotting. The citration of blood is usually
-arried out by using a 2.5 per cent sodium citrate solution, in the
proportion of 10 ce. to 100 ce. of the donor's blood. Tt is necessary
that citrated blood be stored at body temperature and it should
be used as soon as possible.

(d) Pharmaceutically, sodium citrate is often used to prevent
discoloration of various preparations such as the glycerites of phenol
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and tannic acid. (See p. 185.) Average dose—1 Gm. (approxi-
mately 15 grains). ,

2. I);enicgllin 72ablets (Tabellae Penicillini), U. S. P. XIIT. — These
tablets contain “penicillin calcium or penicillin sodium buffered
with calcium carbonate, anhydrous sodium citrate, aluminum
hydroxide, or other buffers, approved by the Ifederal Food and
Drug Administration.” Because of the unpleasant features con-
nected with the parenteral administration (intramuscular) of pen-
icillin, investigators were active in trying to find a means of pro-
tecting penicillin from the inactivating effects of the acid gastric
juices (it is also inactivated by excess alkali). Charney and co-
workers! used trisodium citrate and disodium citrate as buffer salts
to cause formation of the weak acid, citric acid, in the stomach at
the expensc of the more highly acidic hydrochloric acid normally
present in the stomach (see Chemical Properties of Sodium Citrate,
p- 181). The better absorption of penicillin was reflected in the
raised urinary levels of excreted penicillin. The anhydrous sodium
citrate (unofficial) is used to prevent decomposition of the water-
sensitive penicillin, inasmuch as the official dihydrate is prone to
effloresce and in that way release its water of hydration. Average
daily dose of penicillin—on a fasting stomach, 300,000 units.

3. Anticoagulant Sodium Citrate Solution (Liquor Sodii Citratis
Anticoagulans), U. S. P. XIIL.—This is a solution of sodium citrate
in isotonic solution of sodium chloride and contains, in cach 100 ce.,
not less than 2.3 Gm. and not more than 2.7 Gm. of sodium citrate
(Na,C'¢H:;0-.2I,0) and not less than 0.85 Gm. and not more than
0.95 Gm. of sodium chloride (NaCl), including all tolerances.

Three anticoagulant solutions of sodium citrate are designated
by the U.S. P. XIII, ., No. 1—the Non-sterile Solution: No. 2—
the Sterile Solution Not for Parenteral Use; and No. 3—the Sterile
Solution for Parenteral Use, which is the one that must be dis-
pensed unless otherwise specified.

No. 1 is prepared by dissolving 25 Gm. of Sodium Citrate and
9 Gm. of Sodium Chloride in sufficient distilled water to make
1000 cc. and filtering the solution until it is free from suspended
particles.

No. 2 is made as directed for No. 1 but it is sterilized preferably by
Process C.  (See p. 694, U. S. P, XIII.)

No. 3 is also prepared like No. 1 excepting that the distilled water
is replaced by water for injection and, after placing the solution
in suitable containers, it is sterilized preferably by Process C.
Bacteriostatic agents, of course, must not be added. The pH
should not be less than 6.7 and not more than 7.5.

The U. S. P. XIII permits of variations in the sodium citrate
content of anticoagulant solutions of sodium citrate, but requires
that such solutions must be labeled so as to indicate the per cent or
amount of sodium citrate per unit of volume. Such solutions must

! Charney et al.: Science, 101, 251 (1945).
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contain not less than 92 per cent and not more than 108 per cent
of the labeled amount of sodium citrate. These solutions must
conform to U S. I’. XIII requirements for general methods of prepa-
ration, physical properties and tests given for Anticoagulant Sodium
Citrate Solution.

4. Anticoagulant Acid Citrate Dextrose Solution (Liquor Acidi
Citratis Dextrosi Anticoagulans, A.C.D. Solution), U. S. P. XIII.—
This is “ a sterile solution of sodium citrate, citric acid, and dextrose.
It contains, in each 100 cc., not less than 2 Gm. and not more than
2.4 Gm. of NayCel,0;.211,0, and not less than 750 mg. and not
more than 850 mg. of 1;CJI1,0,.11,0.” This solution is used in
the same manner as Anticoagulant Sodium Citrate Solution, wz.,
as an anticoagulant for use in preparing plasma or whole blood for
indirect transfusions.

5. Tannic Acid Glycerite (Glyceritum Acidi Tannici, Glycerite of
Tannin), U. S. P. XTIT.—Tannic Acid Glycerite contains 1 per
cent of sodium citrate in addition to the other constituents. It is
used in this preparation to prevent discoloration due to the forma-
tion of iron tannate. This pharmaceutical is used as an astringent,

6. Ferric Citrochloride Tincture (Tinctura Ierri Citrochloridi),
N. F. VIIL.—This tincture requires the use of 450 Gim. of sodium
citrate in the preparation of 1000 ce. of finished product. The
sodium citrate is added to the preparation to prevent the ferric ion
from being precipitated as dark-colored, insoluble iron tannate
which constitutes one of the common incompatibilities of iron solu-
tions when mixed with tannin-containing preparations. (See also
p. 619.)  Average dose-——0.5 ce. (approximately 8 minims).

7. Gentian Elixir (Kixir Gentiane), N. I, VI1I.— Gentian Flixir
contains 3 per cent of sodium citrate. This preparation is a hydro-
alcoholic solution of fluidextract of gentian, sodium citrate, com-
pound cardamom spirit, syrup and glycerin. The sodium citrate
prevents the precipitation of iron tannate when the elixir is used as
a vehicle for iron salts or solutions.

8. Compound Hypophosphites Syrup (Syrupus Hypophosphitum
Compositus), N. I'. VIIT.—This preparation contains 0.37 per cent
of sodium citrate. The sodium citrate is probably used for solubility
purposes. (See p. 622.) Average dose—8 cc. (approximately 2
fluidrachms).

9. Peptonized Iron (Ferrum Peptonatum, Iron Peptonate), N. I,
VIII.—* Peptonized Iron is a compound of iron oxide and peptone,
rendered soluble by the presence of sodium citrate, and yields not
less than 16 per cent and not more than 18 per cent of Fe.”

10. Phenol Glycerite (Glyceritum Phenolis, Carbolic Acid Glye-
erite), N. F. VIIT.—This glycerite contains 1 per cent of sodium
citrate to prevent discoloration of the preparation. The glycerite
is used for its antiseptic (phenol) and dehydrating (glycerin) action.

11. Sodium Citrate Solution (Liquor Sodii Citratis, Potio Riverii),
N. . VIII.—This solution “contains, in each 100 cc., not less than
2.5 Gm. and not more than 3 Gm. of Na;Cell;:0;.2H.0.” The
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sodium citrate is prepared by interaction of sodium bicarbonate
with citric acid. The citric acid is dissolved in distilled water and
the sodium bicarbonate dissolved in this solution with gentle
agitation, the bottle being stoppered immediately. It should not
be dispensed unless recently prepared.

SODIUM GLYCEROPHOSPHATE
Sodium Glycerophosphate, N. F. VIII
CILOH ONa

l
Formula, CIT- O—P=—~0 Molecular Weight, 216.06

| |
CTLOIT ONa

Physical Properties.—Sodium Glycerophosphate occurs as white,
monoclinic plates or scales, or as a white powder. It is odorless,
and has a saline taste. At 15° C. large crystals of the salt are stable
in air.  When in the form of small crystals or a powder, the salt
effloresces slightly in air.

One Gm. of the salt is soluble in about 1.5 ce. of water at 25° C.
It is very soluble in hot water, but nearly insoluble in alcohol.

Chemical Properties.—When sodium glycerophosphate is strongly
heated, it decomposes and at red heat is converted into sodium
pyrophosphate, acrolein, and water (1).

(1) 2C4H,(OM),PONay — Nay%0; + 201 = CILCIIO T +
31,0 1

Prolonged boiling of sodium glycerophosphate solutions will bring
about hydrolysis of the compound (2).

@) GILOH).PONa: + L0 — CLIL(OI), + Na,IIPO,

Official Tests for Identity.—1. A 1 in 20 aqueous solution of the
salt will give all of the tests for Sodium (q. v.).

2. Although solutions of glycerophosphates do not vield a pre-
cipitate in the cold with ammonium molybdate T.S., boiling will
bring about hydrolysis of the glycerophosphate (2) and the re-
sultant phosphate will then yield a precipitate with the reagent (3).

(3) 12(NH,),MoO; + Na,HPO, + 23HNO, — (NH,),P0,.
]21\’10031, + Z]NILNO:; + QNZI.NO:s + ]2“10

3. Moderately dilute solutions of glycerophosphates, when treated
with calcium chloride I.S., remain unaffected in the cold, but on
boiling a precipitate is produced, probably through the same
mechanism as cited for the previous test. The equations represent-
ing the reactions may be conveniently combined into one equation
(4).

(4) CsI’Is(OH)zPO4N&2 + CaClg + }[2() g C:;II[.(OII);; +

CaHPO, | + 2NaCl
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4. When a glycerophosphate is mixed with an equal weight of
potassium bisulfate (powdered) and heated, the very pungent odor
of acrolein is evolved. The potassium bisulfate, heing a dehydrating
salt (sometimes regarded as an equimolecular mixture of potassium
sulfate and sulfuric acid) will dehydrate the glycerin resulting from
the breakdown of the glycerophosphate to vield acrolein (5).

-211,0
(5) C;:Hy(OH); —= ClL,=CH-CIO

Glycerin Acrolein

5. When sodinm glycerophosphate is strongly heated it decom-
poses vielding inflammable vapors (1).

Commercial Manufacture.—The details of the process used for
manufacturing sodium glycerophosphate are not published, hence
only a general outline of the method can be given. When glacial
phosphoric acid (g. v.) is gradually dissolved in an equal weight of
glyeerin and the resulting solution heated for several hours at
110° €., glveerophosphoric acid is formed (6). This easily decom-
posable acid is dissolved in cold water, neutralized with milk of
lime (7), and the calcium phosphate filtered off. The filtrate is
freed of any excess caleium hydroxide by passing carbon dioxide
through it and the resulting calcium carbonate is filtered off.
The solution is concentrated in a vacuum and the caleium glycero-
phosphate either granulated or precipitated by aleohol, in which
it is nearly insoluble. The calcium salt is washed thoroughly
with alcohol to free it from adhering glycerin and then dissolved in
water. By the addition of sodium carbonate to the solution, cal-
cium carbonate is precipitated and sodium glycerophosphate remains
in solution (8). The latter is then precipitated by the addition of
aleohol.

(6) C,IT,(OH); + H,PO, — C,I1;(0OI),O.H, 4+ H.0
(7) CiIL(OH),POIL, + Ca(Ol)y — CiII,(OH).CalOy + 21,0
(8) (‘,;;II:,(OII)Q(‘&P(_L + Nil.g(.‘().; d C',x]]:,(()]])gl)ou Tilg + (,‘aC()al

Pharmaceutical Preparations and Uses.— 1. Sodium Glycerophos-
phate (Sodii Glycerophosphas), N. 1. VIIL.—“Sodium Glycero-
phosphate contains not less than 68 per cent and not more than
74 per cent of Na.ClT,(OI).P’0,.””  This salt was introduced into
medicine as a tonic, particularly for the nerves. Ilowever, no evi-
dence has ever been presented to substantiate this claim. In view
of the fact that the salt is easily decomposed in the body to glycerin
and inorganic phosphate it is reasonable to believe that its action
is no greater than that of inorganic phosphate. Average dose—
0.25 Gm. (approximately 4 grains).

2. Calctum and Sodium Glycerophosphates Elixir (Llixir Calcii et
Sodii Glycerophosphatum, Glycerophosphates Elixir), N. F. VIIL
—This preparation contains 1.8 per cent of sodium glycerophosphate
together with 0.9 per cent of calcium glycerophosphate and other
ingredients. It is used as a tonic although, as stated before, its
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value is doubtful. Average dose—4 cc. (approximately 1 fluid -
drachm).

3. Compound Glycerophosphates Elizir (Elixir (}]):ceroph()sgha;tUIll
Compositum, Compound Glycerophosphates Solution), N. F. VIIIL.
—Besides other glycerophosphates (Ca, Fe, and Mn), t]}{S prepara-
tion contains 3.5 per cent of sodium glycerophosphate. This prepa-
ration is prescribed by some physicians as a nerve tonic. Average
dose—8 cc. (approximately 2 fluidrachms).

SODIUM HYDROXIDE
Sodium Hydroxide, U. S. . XII1

Formula, NaOH. Molecular Weight, 40.01

Physical Properties.—Sodium Iydroxide is obtainable in dry,
hard, brittle, white or nearly white sticks, in fused masses, in small
pellets, in flakes, and in other forms; all having a dense crystalline
fracture and a specific gravity of 2.13. It is very deliquescent and
rapidly absorbs moisture and carbon dioxide from the air. Sodium
hydroxide and its solutions rapidly destroy organic tissues, hence
great care is necessary in handling them.

In the cold (0° C. or below), concentrated solutions deposit various
crystalline hydrates, whose compositions vary from NaOILILLO to
NaOH.7H.0.

Sodium hydroxide melts at 318° C. and volatilizes at higher tem-
peratures. The vapors decompose between 1200° and 1250° C.

One Gm. of Sodium Hydroxide dissolves in 1 cc. of water at
25° C. with the evolution of heat. One Gm. is soluble in 0.3 cc. of
boiling water. It is soluble in alcohol, in ether, and in glycerin.

Chemical Properties.—The chemical properties of sodium hydrox-
ide are quite varied and although there is some overlapping it is
considered advantageous to discuss them under the headings: (a)
basic properties, (b) reaction with salts, (¢) reaction with metals,
(d) reaction with non-metals, and (¢) saponifying properties.

(a) Because sodium hydroxide is so highly ionized when dissolved
in water, it is one of the strongest bases (1). As has been previously
pointed out, the basic properties are entirely due to the hydroxide
ion (see p. 34).

(1) NaOH = Nat+ + OH-
Its excellent acid-neutralizing powers (2) are made use of in
various ways, especially in alkalimetry and acidimetry.
(2) NaOH + HCl — NaCl + H,0
The marked ability of sodium hydroxide (as well as many other
metallic hydroxides) to absorb CO, with the subsequent formation

of the corresponding carbonate is well known. This is a good
example of its acid-neutralizing effect. One may consider that
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CO: on dissolving in water forms carbonic acid (3), which in turn
reacts readily with sodium hydroxide to form sodium carbonate (4).

3) H.0 4+ CO, = H.CO,
(4) 2NaOH + H.CO; — Na,CO; + 2H,0

(b) Sodium hydroxide reacts with the salts of all metals in solu-
tion, precipitating practically all except those of the alkali metals
and ammonium.

In the case of ammonium salts the product of the reaction is
NH,OH (5). This reaction is used as a test for ammonium ion
and is carried out by heating the alkalinized solution. The evolu-
tion of ammonia (detected by odor or moistened red litmus) is a
positive test for presence of ammonium ion.

(5) NILCT 4+ NaOHl — NILOHNTH; T + IL,O) + NaCl

When non-volatile hydroxides are formed they precipitate from
solution, as in the case of ferric hydroxide (6).

6) FeCly + 3NaOH — TFe(OH); | + 3NaCl

In some cases, an excess of sodium hydroxide will redissolve the
precipitated hydroxide.  For example, aluminum hydroxide when
freshly precipitated (7) will readily dissolve (8) in an excess of
sodium hydroxide.

(7) AICL, + 3NaOIl — AI(OI); | + 3NaCl
(8) AI(OH), + NaOIl — NaAlO, + 2IL,0

(¢) Many metals are attacked either by aqueous solution of
sodium hydroxide or by the fused material. Zinc (9) and alumi-
num (10) are typical examples of metals which react rather casily
in this manner.

(9) 7Zn + 2NaOH (fused) — Na.ZnQ. + Il, T
(10) 2A1 4+ 2NaOIl + 2I1,0 —> 2NaAlO. + 3H. T

(d) Among the non-metals which react with sodium hydroxide
are boron (11), silicon (12), phosphorus (13), and chlorine (14).

(11) 2B + 2NaOH + 2,0 — 2NaBO, + 3H, |
(12) Si + 2NaOIl + IO — Na,SiO; + 211, 1

(13) 4P + 3NaOH + 3H,0 — 3NaPILO, + PII, 1
(14) Cly 4+ 2NaOIT — NaOCl 4+ NaCl + ILO

(e) Sodium hydroxide is used extensively because ol its very
effective saponifying power. (See also Sodium Carbonate, p. 169.)
As previously pointed out, saponification of a fat or oil is the process
of hydrolyzing it by means of an alkali, e. g., sodium hydroxide (15)
to glycerin and the sodium salt of the fatty acids.

C,7H3;,COO—CH. (“/H2OH
|
(15) Cy;HziCOO—CH  + 3NaOH — 3C,:I1;:COONa + (;II—OH
|
C,;H;COO—CH, CH,OH
Stearin (a fat) Sodium stearate Glycerin

(a soap)
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Official Test for Identity.—A solution of sodium hydroxide (1 in

25) responds to the tests for Sodium (g. v.).

Commercial Manufacture.—Sodium hydroxide, or : ‘
it is more commonly known, is prepared commercially by either
(1) the chemical method or (2) the electrolytic method.  Approxi-
mately one-half of the caustic soda manufactured todz%y Is made
by the chemical process and onc-half by the electrolytic method.
However, the electrolytic procedure has been gaining in popularity
and if the present trend continues will in a large measure replace
the chemical method. '

1. The chemical method involves causticizing milk of lime. Es-
sentially, the process requires the interaction of sodium cstrbonate
with calcium hydroxide to give sodium hydroxide and insoluble
calcium carbonate (16).

(]6) (_Va(OI])g + Nﬂg(:‘():; ntd 2NﬂOII + (‘{l(.‘();;l

The calcium hydroxide is obtained by “slaking’ lime (Ca0), ‘i: ¢.,
adding enough water to the lime to convert it to a dry calcium
hydroxide (17).

17) Ca0 + ILO — Ca(OIl),

In practice, the dry slaked lime and soda ash (anhydrous Na.,('0);)
are stirred into water in which they react to form a caustic soda
solution containing a suspension of insoluble calcium carbouate.
The caustic soda liquor is obtained from this mixture by allowing
the precipitate to settle and then decanting the clear liquid.  Since
the “mud” of calcium carbonate which has settled out has too much
caustic soda adhering to it, it is washed and the washings used
as the liquid to which slaked lime and soda ash are added. The
caustic soda solution obtained by decantation is evaporated either
to a 50 per cent solution in which form one-third to one-half of all
caustic soda is sold and used, or it may be evaporated in iron pots
to the solid form in which case it is obtained as a solid mass which
may be crushed or made into flakes. If desired, the fused material
may be cast in silver molds into the form of sticks or pellets, the
latter being the usual form in which the pharmacist obtains it.
The manner in which the small pellets arc made is quite interesting.
They are made in one of two ways: (1) by dropping the fused
material in the same manner as “drop shot” is made, in which case
the fused caustic flattens out into a hemisphere when it strikes the
receiving plate; (2) by the use of depression plates, in which the
fused material is poured on a plate provided with small hemispheri-
cal depressions and the excess scraped off. Tn this case. also, the
material is obtained as small hemispheres. "The purpose in shaping
it into pellets or sticks is to offer a comparatively small surface to
atmospheric moisture and CO,, thus minimizing caking, deliques-
cence and conversion of the product into sodium carbonate.

2. The electrolytic process has already been discussed in some
detail (see p. 85) in connection with the manufactute of chlorine.

qustic soda as
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However, it should be pointed out that two distinct tvpes of electro-
lyltlic cells are used, viz., (a) the diaphragm cell, and (b) the mercury
cell.

(a) The diaphragm cells are so named because they have the
anode and cathode separated by an asbestos diaphragm. Usually
the anode is enclosed with a diaphragm. The purpose of the dia-
phragm is to prevent, insofar as possible, the interaction of sodium
hydroxide (around cathode) and chlorine (evolved at anode).

If the products of electrolysis are not separated by a diaphragm
the following reactions take place (18, 19, 20):

(18) 2NaOIl 4 Cl, — NaCl 4+ NaClO + 1LO
(19) 3NaClO — 2NaCl + NaClO,
(20) NaClO + H, — Na(C'l 4+ ILO

The cell liquor after electrolysis contains from 8 to 12 per cent of
sodium hydroxide and about 15 per cent of sodium chloride. It is
concentrated to 50 per cent NaOII in multiple-effect evaporators
when most of the sodium chloride crystallizes out of solution. The
caustic liquor is then handled in a manner analogous to that cited
for the chemical process.

(b) The mercury cell differs radically from the diaphragm cell.
In this type of cell mercury is used as a cathode and graphite as
the anode. Metallic sodium is the primary cathode product (in
contrast to the diaphragm cells) and is deposited on the mercury
to form an amalgam. The amalgam (liquid) is conducted into a
decomposition cell where it is made to react with water (21) to form
sodium hydroxide and hydrogen. The amount of water used is
such that a 50 per cent caustic soda solution is obtained, thus
obviating the necessity of costly evaporation, which is one of the
principal disadvantages of the diaphragm cell.

(21) 2Na + 21,0 — 2NaOH + 1.7

There are numerous mercury cells deseribed in the literature but
apparently the ones in current use have not been accurately de-
scribed.

Pharmaceutical Preparations and Uses.-— 1. Sodium Il ydroxide (Sodii
Hydroxidum, Caustic Soda), U. S. I’. XIIL.—“Sodium hydroxide
contains not less than 95 per cent of total alkali caleulated as
NaOH, of which not more than 3 per cent is Na.COs.”"  Sodium
hydroxide is so caustic that it finds little use in therapy. IHowever,
it is used to some extent in the preparation of various pharmaceuti-
cals. Much of the caustic soda produced commercially is used in
the soap industry and also in numerous other ways.

2. Saponated Cresol Solution (Liquor Cresolis Saponatus, Com-
pound Cresol Solution), U. S. . XTIL.-This solution consists essen-
tially of cresol dissolved in a soap, the soap being formed by the
saponification (sec p. 189) of any of several vils (corn, linseed, cotton-
seed, etc.) with potassium or sodium hydroxide. The official for-
mula calls for potassium hydroxide, but permission is given to use
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sodium hydroxide in an equivalent amount if desired. In t}lg event
that a different strength alkali is used than that.spemfled, an
equivalent amount is to be calculated and used. This preparation
is similar to the commerecial preparation “Lysol.” It is used as a
general disinfectant.

3. Phenolsulfonphthalein Injection (Iujectio I’henulsulfonphtha-
leini), U. S. P. XIIL.—This injection has been described previously
under Sodium Bicarbonate (see p. 156). The purpose of the
sodium hydroxide is the same as that of sodium bicarbonate, namely,
to convert the insoluble phenolsulfonphthalein to its water-soluble
sodium salt.

4. Soda Lime (Calx Sodica), U. S. P. XIII.—*Soda Lime is a
mixture of calcium hydroxide with sodium or potassium hydroxide
or both, intended for use in metabolism tests, anesthesia, and
oxygen therapy.” The U. S. P. states that it may contain an
indicator which will not react with the common anesthetic gases,
and which will change color when the absorption capacity of the
soda lime for CO, is exhausted. The function of Soda Lime in a
closed system (such as exists in metabolism tests, ete.) is to absorb
the (O, which otherwise would accumulate in the system. The
manner in which this takes place is quite interesting in that it may
be interpreted as a case of two chemicals helping one another out
for their mutual benefit. In this case, the sodium hydroxide is
capable of picking up carbon dioxide with avidity (3, 4), but its
combining power is soon exhausted. However, at this point the’
calcium hydroxide appropriates the accumulated carbon dioxide
(22) to form calcium carbonate and thereby relieves the sodium
hydroxide. Thus we see a continuous cycle in which the sodium
hydroxide is converted to sodium carbonate, but is then changed
back to sodium hydroxide which is again capable of combining with
CO.. '

(22) Na.COy + (a(OH), — 2NaOIl 4 CaCO,

In hospitals, where the uncolored (<. ¢., with no indicator) form
of soda lime is used, it is customary to keep a record of the length
of time that a charge of soda lime has been used. From past ex-
perience it is then possible to change the soda lime before its strength
is exhausted. In the case of soda lime to which has been added an
indicator, the color change of the indicator serves warning that it
must be changed. .

5. Nitromersol Solution (Liquor Nitromersolis), N. I, VIIT.—
This solution has been described previously (see p. 172). "The
sodium hydroxide together with sodium carbonate acts merelv as
a solubilizing agent for the water-insoluble nitromersol. ‘

6. Natromersol Tinctire (Tinctura Nitromersolis), N. I*. VIII.—
This tincture employs 0.1 per cent of sodium hydroxide to aid in
keeping the nitromersol in solution. It is used as an antiseptic.

7. Rectified Turpentine Oil (Oleum Terebinthinge Rectificatum)
N. F. VIII.—To prepare Rectified Turpentine Qil from Turpcntiné
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Oil, equal quantities of the oil to be rectified and a solution of
sodium hydroxide, containing 5.3 Gm. of 95 per cent NaOH in each
100 cc., are mixed and placed in a still. Upon recovery of three-
fourths of the oil by distillation, the clear oil is separated from the
water which also comes over and is dried with anhydrous CaCl, or
anhydrous sodium sulfate. The use of sodium hydroxide in this
preparation is said to bring about the removal of the substances
which give a disagreeable odor and taste to the oil. This is prob-
ably due to polymerization of aldehydes, saponification of resins,
etc., by the alkali. Average dose—0.3 ce. (approximately 5 minims).

SODIUM HYPOCHLORITE

FFormula, NaClO. Molecular Weight, 74.45

Physical Properties.— Sodium hypochlorite, like all of the hypo-
chlorites, is very unstable and therefore is not obtainable in solid
form. It is official only in the form of its solutions.

Chemical Properties.—In solution, sodium hypochlorite is decom-
posed by boiling and by nearly all acids (1).

(1) 4NaClO + 411C1 — 4NaCl 4+ 2CL T + 0,7 + 2H.0
It is a very powerful oxidizing agent; this action being attributable

to active oxvgen formed upon decomposition (2). Some investi-
gators, however, claim it acts as free chlorine.

(2) NaClO — NaCl + O (active)

A solution of sodium hypochlorite will form a precipitate of silver
chloride with solutions of silver nitrate (3).

(3) 3AgNO, + 3NaCl0 — 2A¢C1] + AgClO; + 3NaNO,

Sodium hypochlorite is readily changed, when warmed, to sodium
chloride and sodium chlorate (4). This property is characteristic
of all hypochlorites.

() 3NaClO — 2NaCl + NaClO;
Sodium hypochlorite solutions will cause the formation of mer-

curic oxide and sodium chloride when shaken with metallic mer-
cury ().

(5) Mg + NaClO — HgO + NaCl

This is in contrast to free hypochlorous acid which reacts to form
a brown basic mercuric chloride with metallic mercury (6).

(6) 2Hg + 2HCIO — Hg.CLO + H.0

Solutions of potassium iodide liberate free iodine when treated
with sodium hypochlorite (7).

(7) 2KI + NaCIO + H,0 — 2KOH + NaCl + L.
13
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Official Tests for Identity. —There are no official tests for sodium
hypochlorite since it is a non-existent compound per se, but the
tests given for the Sodium Hypochlorite Solution may be taken as
a criterion for the compound itself. )

1. The solution at first colors red litmus blue, and then decolorizes
it. The blue coloration of the litmus is, of course, due to the fact
that sodium hypochlorite is somewhat hydrolyzed in solution and
thus exhibits an alkaline reaction. The paper is bleached because
of the oxidizing action of the solution.

2. The addition of diluted hydrochloric acid to sodium hypo-
chlorite solution causes an evolution of chlorine (1).

3. The solution obtained in the above experiment responds to the
flame test for sodium.

Commercial Manufacture.—Most of the commercial products con-
taining sodium hypochlorite are made by electrolyzing a solution
of sodium chloride (see p. 191). The cells do not contain a dia-
phragm and hence the chlorine liberated at the anode contacts
the sodium hydroxide produced around the cathode to form sodium
hypochlorite. The cell contents are usually cooled with cold water
circulated in specially constructed hard rubber tubing, as any
marked rise in the temperature is conducive to undesirable sodium
chlorate formation.

Pharmaceutical Preparations and Uses.—1. Sodium Ilypochlorite
Solution (Liquor Sodii Hypochloritis), U. S. P. NXITIL.--“Sodium
Hypochlorite Solution contains not less than 4 per cent and not
more than 6 per cent of NaClQ.” The U. S. P. cautions that this
solution is not suitable for application to wounds. It is a clear,
pale, greenish-yellow liquid having an odor of chlorine, and it is
affected adversely by light. Tf “ Labarraque’s Solution” is desired,
this solution diluted with an equal volume of water may be dis-
pensed. The solution is used as an oxidizing and bleaching agent.
It is interesting to note that a 2 per cent solution is being widely
used as a laundry bleaching agent, e. g., Ililex, Hy-l.o, etc.

2. Daluted Sodium Hypochlorite Solution (Liquor Sodii Hypochlo-
ritis Dilutus, Modified Dakin’s Solution, Liquor Sodx Chlorinate
Chirurgicalis), N. F. VIII.—This is an “aqueons solution of chlo-
rine compounds of sodium containing, in each 100 cc., not less
than 0.45 Gm. and not more than 0.50 Gm. of NaOQCl, equivalent
to not less than 0.43 Gm. and not more than 0.48 Gm. of avail-
able CL.”

It is prepared by diluting 1000 cc. of Sodium Hypochlorite Solu-
tion with 5000 ce. of distilled water, adding 40 cc. of a 5 per cent
solution of sodium bicarbonate in cold distilled water, and mixing
the solution thoroughly. T'wenty cubic centimeters of the mixture
are removed, about 20 mg. of powdered phenolphthalein added,
and the mixture shaken gently for two minutes. If a red color
develops, more of the solution of sodium bicarbonate is added to
the original dilution until no red color is produced when other 20-cc.
samples of the mixture are tested as directed above. Then the
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percentage of sodium hypochlorite in the solution is determined as
directed in the assay, and sufficient distilled water added to make
the final solution contain 0.48 Gm. of NaQCl in each 100 cc.

Sodium bicarbonate is a salt composed of a strong base and a
weak acid. By the addition of a solution of sodium bicarbonate the
Nat is increased and therefore the OH~ will be decreased, because
the product of the cencentrations of the sodium ion and the hydrox-
ide ion divided by the concentration of sodium hydroxide is equal
[Nat] X [OH-] _ K

INaOH] = ™

The limit of alkalinity is determined by adding about 20 mg. of
powdered phenolphthalein to 20 ce. of the solution contained in a
test tube. No red color should be produced in the mixture when
agitated.

The purpose in buffering this solution is to lower the alkalinity
and thus make it more suitable for application to the tissues. It is
used as an antiseptic and irrigant for wounds.

SODIUM HYPOPHOSPHITE

to a constant, e. ¢.,

Sodinm Hypophosphite, N. F. VIIT
I
Formula, NaPTLO. TLO; Nu()~l|’:{).ﬂ‘()
I
Molecular Weight, 106.01

Physical Properties.— Sodium Hypophosphite occurs in the ferm
of small, colorless, transparent, rectangular plates, having a pearly
luster, or as a white granular powder. It is odorless and has a saline
taste. The salt deliquesces in moist air.

One Gm. of the salt dissolves in about 1 cc. of water at 25° C.,
or in about 0.20 cc. of boiling water. Tt is soluble in alcohol and
freely soluble in glyeerin at 25° €., and in boiling alcohol. Tt is
slightly soluble in dehydrated alcohol.

Chemical Properties.— When sodium hypophosphite is heated, it
loses its water of hydration. Upon further heating, it is decom-
posed into inflammable phosphine (1) (PHs, poisonous;, and sodium
pyrophosphate is left as a residue (2).

(1) 2PH; + 40, — 2ITPO,; + 21,0
(2) 4N3PII202 — Nﬂ4Pg()7 ‘+‘ 2PII;; T + I]‘;O

The principal chemical property of hypophosphites is evidenced
in their remarkable reducing power. This has already been dis-
cussed under Hypophosphorous Acid (p. 115). )

Official Tests for Identity.— 1. It responds to all tests for Sodium
(q- v.)

2. Tt responds to all tests for Hypophosphites:
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(a) When strongly heated, spontaneously inflammable phosphine
is evolved (1, 2). i I .

(b) When treated with mercuric CthI‘ldf‘) I.S., hypophosphites
give a white precipitate of mercurous chloride (3).

H;PO, + NaCl

This precipitate becomes gray with an excess of hypophosphite due
to further reduction of the mercurous chloride to free mercury.

(¢) When a solution of sodium hypophosphite is acidified with
sulfuric acid and warmed with copper sulfate T.S., a red precipitate
of copper hydride is formed. (See p. 115.)

Commercial Manufacture.—Sodium hypophosphite is usually pre-
pared by (1) the decomposition of calcium hypophosphite with
sodium carbonate, or (2) by the less common method of boiling
phosphorus with sodium hydroxide.

1. Calcium hypophosphite is first prepared by the action of
phosphorus on milk of lime (4). The products are calcium hypo-
phosphite and phosphine.

Barium hydroxide could be substituted for calcium hydroxide in
the above reaction, in which case barium hypophosphite would be
formed. The calcium hypophosphite is purified by suitable means
(sec p. 331) and then reacted with sodium carbonate (5) to yield
a precipitate of caleium carbonate together with the sodium hypo-
phosphite which remains in solution. The precipitated calcium
carbonate is filtered off and the filtrate carefully cvaporated at
reduced pressure and with constant stirring until a granular salt is
obtained.

5) Ca(PH.0), + Na,('Oy — 2NalH,0, + CaCO; |

2. Sodium hypophosphite may be made by boiling phosphorus
with a solution of sodium hydroxide (6). In order to prevent the
decomposition of the hypophosphite by any excess alkali, carbon
dioxide is passed into the liquid. When the reaction is complete,
the solution is carefully evaporated and the sodium hypophosphite
dissolved in alcohol, from which it may be granulated or crystallized.

(6) 6NaOII + 8P + GH,0 — 6NaPILO, + 2PH,

Pharmaceutical Preparations and Uses.—1. Sodium Hypophosphite
(Sodii Hypophosphis), N.I. VIII.—Sodium Hypophosphite, when
dried over sulfuric acid for two hours, contains not less than 98 per
cent of NaH,PO,.H:0. The N. F. cautions that care should be
exercised in compounding sodium hypophosphite with other sub-
stances, especially nitrates, chlorates and other oxidizing agents.
Because of its marked reducing properties, an explosion may result
when it is intimately contacted with oxidizing agents. The use of
hypophosphites as nerve tonics has already been shown to be
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irrational (see p. 117) because most of them pass through the body
unchanged. Average dose—0.5 Gm. (approximately 7% grains).

2. Hypophosphites Syrup (Syrupus Hypophosphitum), N. I
VIIL.—This syrup contains 1.8 per cent of sodium hypophosphite
together with the same amount of potassium hypophosphite and
3.5 per cent of caleium hypophosphite. The use of this syrup is
based on the supposed nerve tonic properties of the hypophosphites.
The syrup is probably of little value. Average dose—8 cc. (ap-
proximately 2 fluidrachms).

3. Compound Hypophosphites Syrup (Syrupus Hypophosphitum
Compositus), N. F. VIII.—This preparation contains 1.75 per cent
of sodium hypophosphite together with other hypophosphites (Ca,
K, Fe, and Mn). It is an even more complex preparation than
Hypophosphites Syrup but probably has no more value as a nerve
tonic.  Average dose—-8 cc. (approximately 2 fluidrachms).

SODIUM IODIDE
Sodium lTodide, 1. S. P. XIII
FFormula, Nal. DMolecular Weight, 149.92

Physical Properties.— Sodium lodide occurs as a white crystalline
powder or as colorless, odorless, cubical erystals. The salt cakes
and then deliquesces in moist air and frequently decomposes with
the liberation of iodine which gives the salt a brown tint. It has a
density of 3.667 at 20° C. At temperatures below 30° ., mono-
clinic crystals with 2 molecules of water separate from aqueous
solutions.

One Gm. of Sodium Todide dissolves in 0.6 ce. of water, in about
2 ce. of aleohol, and In about 1 ce. of glyeerin, at 25° C. One Gm.
is soluble in 0.4 ce. of boiling water.

Sodium iodide melts at 651° C. At higher temperatures it
slowly volatilizes with partial decomposition of the vapors.

Chemical Properties.— The chemical reactivity of sodium iodide
may be considered from the standpoint of (1) precipitation reactions
and (2) ease of oxidation to iodine.

1. Almost all of the iodides are soluble with the exception of
silver, mercury (ous and ic), lead, copper (ous), and bismuth.
When solutions containing these cations are reacted with solutions
of sodium iodide a precipitate of the corresponding insoluble iodide
will be formed. TFor example, silver nitrate precipitates Agl (1),
mercuric chloride precipitates Hgl, (2), etc.

(1) AgNO; + Nal — Agl | 4 NaNO;
(2) HgCl, + 2Nal — Hgl. | + 2Na(l
However, in the presence of an excess of sodium iodide (or other

soluble iodide) many of the insoluble iodides are converted to
soluble compounds (3).

(3) Hgl, + 2Nal — Na,Hgl,
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Silver iodide, however, is not solubilized. o ) )
2. Sodium iodide (in common with other soluble iodides) 1s easily
oxidized by many reagents to yield iodine. . o
Chlorine water (also bromine water) will displace iodine from
its binary compounds as previously shown (see p. 84). Sodium
iodide is no exception (4).

(4) 2Nal + X, — 2NaX + 1. (X = Clor Br)

Hydrogen peroxide liberates iodine from an acidified (dil. H:S0)
solution of sodium iodide (5).

(6) H:0, + 2Nal + IS0, — I, + 21,0 4 Na.S04

Ferric salts have sufficient oxidizing power to oxidize sodium
iodide to iodine (6), although they are incapable of doing the same
to solutions of bromides.

(6) 2FeCl; + 2Nal — 2FeCl, + I, 4+ 2NaCl

There are numerous other oxidizing agents which are capable of
forming iodine from sodium iodide, but the above suffices to illustrate
this type of reaction.

Official Tests for Identity.--1. The salt responds to all tests for
Sodiwm (q. v.).

2. Solutions (1 in 20) of sodium iodide respond to all tests for
lodide:

(@) The addition of chlorine T.S. causes the liberation of iodine
(4) which colors the solution yellow to red. If the iodine is dis-
solved from the water by shaking the latter with chloroform, the
chloroform is colored purple. This free iodine will color starch blue.

(b) The addition of silver nitrate test solution will cause
the precipitation of insoluble yellow silver iodide (1) which is in-
soluble in diluted nitric acid and also in excess ammonia T.S.

Commercial Manufacture.—Sodium iodide is manufactured by two
processes which are analogous to those described in detail for the
laboratory preparation of potassium bromide (¢. v.). Briefly, these
methods involve (1) the decomposition of ferrous iodide with
sodium carbonate or (2) the action of iodine upon a solution of
sodium hydroxide. (See Sodium Bromide.)

1. Iodine may be reacted with iron wire or filings to obtain ferrous
iodide (7, 8) which is then decomposed with sodium carbonate (9).

(7) Fe + Iz ld 1“612
(8) 3Fel; + I, — Fel,.2Fel,
(9) Yel..2Fel; + 4Na,CO; — 8Nal + FeO.Fe,0, | + 4CO, 1

The ferroso-ferric oxide is filtered out and the filtrate is concen-
trated to obtain the sodium iodide.

2. As in the analogous case of sodium bromide, iodine may be
added to a solution of sodium hydroxide until a slight excess is
present. This causes the formation of sodium iodide and sodium
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iodate (10). The sodium iodate is converted to iodide by reduction
with carbon (11).

(10) 6NaOH + 31, — 5Nal + NalO; + 3H,0
(11) NalO; + 3C - Nal + 3CO 1

Laboratory Preparation.— (See Laboratory Method of Preparation
for Potassium Iodide, p. 249.)

Pharmaceutical Preparations and Uses.—1. Sodium lodide (Sodii
Iodidum), U. S. P. XIII.—“Sodium Iodide, when dried at 120°
to constant weight, contains not less than 99 per cent of Nal.”
Therapeutically, sodiuin iodide has the action of the iodide ion.
(See Pharmacology of Todide Ton, p. 95.) It may be administered
orally or intravenously. The intravenous route is said (in com-
mercial literature) to avoid gastric discomfort and to be less likely
to produce todism. However, the N. N. R. (1947) gives the follow-
ing warning, “The intravenous injection of sodium iodide is a
dangerous proceeding. While it is tolerated in many cases without
bad effects, it may produce not only acute and violent iodism, but
also colloidoclastic shock and pulmonary edema. It should there-
fore not be employed to secure the ordinary actions of iodides,
except in very special and restricted conditions, such as (1) certain
rare cases of acute thyrotoxicosis with severe vomiting, and (2) in
severe paroxysms of asthma.”

In pharmaceutical practice sodium iodide may be used to dissolve
difficultly water-soluble substances, e. ¢., iodine by forming a water-
soluble salt (sec also KI, p. 248). Average dose—0.3 Gm. (ap-
proximately 5 grains).

2. Todine Tincture (Tinctura Todi, Mild Tincture of lodine,
U. S. P. XII), U, S. P. XIIL.—Contains 2.1 to 2.6 per cent of
sodium iodide. (See p. 96.)

3. ITodine Solution (Liquor lodi), N. I. VIII.—This solution con-
tains not less than 2.1 Gm. and not more than 2.6 Gm. of Nal in each
100 cc. as an aid in holding the iodine in solution. Sodium iodide
is used instead of potassium iodide because the sodium iodide is
said to be better tolerated by the tissues. (See also p. 98.)

4. Sodium Iodide Ampuls (Ampulle Sodii Iodidi, Sodium Todide
Injection), N. F. VIII.—These ampuls “contain a sterile solution
of sodium iodide, in water for injection, and yield Nal, equal to
not less than 95 per cent and not more than 103 per cent of the
labeled amount of Nal.” As pointed out above, the intravenous
use of sodium iodide gives rapid iodide action with possible side
effects. It is marketed as a 10 or 20 per cent solution usually in
10 or 20 cc. ampuls. Administration of from 10 to 20 cc. of the
solution at 2 to 6 day intervals is advocated until results are obtained.
Average dose—1 Gm. of Sodium Iodide.

5. Sodium Salicylate and Todide Ampuls (Ampullee Sodii Salicyla-
tis et Todidi, Sodium Salicylate and Iodide Injection), N. F. VIII.—
These ampuls “contain a sterile solution of sodium salicylate and
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sodium iodide in water for injection, and yield C¢l,.OIL.COONa,
and Nal, equal to not less than 93 per cent and not more than
103 per cent of the labeled amount of each.”  "This is a combination
which seems to be of especial value in the treatment of rheumatic
conditions. One of its advantages lies in the fact that both drugs
are administered intravenously and in that manner the gastric dis-
comfort usually attending their ora